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ABSTRACT
Longleaf Ridge Special Area (LRSA) located in the Angelina National Forest 
is the westernmost example of a longleaf pine savanna community. Ecologically, 
the area is one of the most diverse communities in Texas. Due to its size, 
abundant natural and historical resources, numerous outdoor recreation 
opportunities exist.
In this study, GIS was used to develop a forest recreation concept plan on 
LRSA. Most of the geospatial data came from public entities. Information for 
demand analysis on forest recreation was obtained from the 2000 National 
Survey on Recreation and the Environment database. U.S. Forest Service 
recreation fee envelope data were analyzed to depict existing recreational use.
To minimize impacts from recreation development, overlay analysis was 
executed in GIS to identify limitations. Based on the recreation demand, 
existing resources, and the limitation composite, a conceptual site design was 
proposed for recreation use on LRSA.
Keywords: GIS, outdoor recreation, recreation planning.
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INTRODUCTION
National Forests have long been expected to provide natural resources for 
outdoor recreation, range, timber, watershed, and wildlife and fish purposes. 
Among these multiple uses, recreational use has been increasing over time. 
Individuals who recreate on public land have a greater awareness of the 
resources available to them and the efforts of land managers to secure the health 
of these resources. The goal of recreation planning is to improve the quality of 
recreation opportunities through better services and more effective maintenance 
of recreation sites and facilities, while protecting sensitive resources.
Recreation planning is a process that relates people to leisure time and 
space. It is the use of information for the allocation of scarce resources to 
accommodate the current and future leisure needs of a population in a planning 
area. When developing a recreation plan, the planners require accurate 
geospatial information, both biophysical and socioeconomic, on forest condition 
and management practice at site-specific and regional scales. Geographic 
Information System (GIS) is a powerful tool for entering, storing, manipulating, 
analyzing, and displaying data for the purposes of integrating spatial, temporal, 
and attributive information. Facilitated with this system, planners have the 
pictures of the planning area from different temporal periods, from different 
scales, and from different alternatives applied, so that they can make the optimal 
decisions.
1
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2Located in east Texas, the Angelina National Forest covers 154,185 acres 
of federal land and is divided nearly equally by Sam Rayburn Reservoir (114,500 
acres of surface area), which is administered by the U.S. Corps of Engineers and 
is the largest water body within the boundaries of the state o f Texas. Within this 
National Forest, the 32,300 acres of Longleaf Ridge Special Area (LRSA) are 
located on the south side of the Reservoir and dominated with longleaf pine 
(Pinus palustris). Its ecological location stands for the westernmost example of 
longleaf pine communities in the U.S. The Special Area was designated based 
on the U.S. Forest Service Land and Resource Management Plan to emphasize 
maintenance of habitat components favorable to the development of longleaf 
pine communities and species of wildlife like red-cockaded woodpecker (RCW). 
Due to its abundant ecological and scenic resources, the Special Area has 
potential to offer a wide range of recreation opportunities to the public.
One o f the objectives of the U.S. Forest Service is to meet the increasing 
recreation demand both in quality and quantity. This objective is obtained by 
providing the public opportunities to recreate as they wish within the capacity of 
the resource to sustain itself. An adequate recreation plan on the LRSA should 
help forest managers achieve the objective in harmony with other multiple uses 
by maintaining quality recreation experiences while still protecting natural 
resources. Integrating GIS in forest recreation planning, resource analysis and 
mapping tasks can result in increased efficiency and reduced long-term cost.
Once the geospatial database is established, better decision-making can be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3obtained. In the long run, GIS can be used to monitor the forest status by 
periodically updating the database. When needed, management strategies can 
be developed based on GIS.
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OBJECTIVES
The purpose of this study was to use GIS as the framework to integrate 
demand and supply data on the LRSA of the Angelina National Forest, and 
complete a concept recreation plan using GIS analysis to meet future needs. 
The objectives of the study were to:
1. Compile recreation demand and supply information into GIS.
2. Integrate geospatial data for region and site analysis.
3. Create a forest recreation plan in GIS environment.
4
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LITERATURE REVIEW
Recreation planning can be defined as a process that relates people to 
leisure time and space and the use of information for the allocation of resources 
to accommodate the current and future leisure needs of a population in a 
planning area. When a plan copes with a specific site that relates people to the 
form and function of a recreation resource, it is usually termed as recreation 
design (Gold, 1980).
In Daly’s definition (Daly, 2000), planning is a people-oriented process that 
brings together information about the rational allocation of recreation resources 
to meet the present and future requirements of people while design is the 
practical application of recreation resources identified in the planning process. 
The designer’s task is to create specific open spaces and build facilities for 
recreation that are compatible with the environment and add to the quality of life 
of the present and future users.
Often, the term master plan is used to refer to a recreation plan for a 
specific area. Keley and Gray (1985) stated that a master plan is a document 
that provides an inclusive framework for orderly and consistent planning; 
acquisition; development; and administration of the parks and recreation 
resources, programs, and facilities of the agency that sponsors the master plan. 
Fogg (1990) broadly defined a master plan as the document guiding the
5
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6development of a park while a site plan is the plan drawn to scale on a 
topographic base showing all the features of the proposed development.
Mitchell (1983) stated that the standard planning procedures are as follow:
• Statement of Goal and Objectives
• Recreation Resource Inventory
• Sociological and Geographic Features (Socioeconomic and Physical 
Variables)
• Demand Analysis (Inventories and Survey)
• Set Standards (Specific Region / Area)
• Needs Analysis (Determine Future Needs)
• Recreation Supply / Need (Compare Demand Analysis and Needs Analysis)
• Recreation Sponsorship (Level of Government Responsibility)
• Financial Resources
• Graphic
• Recommendations (Actions to be taken)
• Evaluation (Measurement goals and objectives against the implemented 
plan)
Since there are so many variables that change over time, recreation 
planning is complex. However, the core of a plan that relates people to space 
and time is slow to change. Either at the macroscale or the microscale, 
conceptually analyzing and showing the spatial relationship of recreation 
resource and use by maps or graphics is an essential step.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7For years, recreation planners have used map overlays to analyze and 
present spatial information such as population, transportation, jurisdiction, 
topology, soil, hydrology, climate, natural resources, land use, and existing and 
proposed facilities. Recreation planners are concerned not only with providing 
recreation users a satisfying environment but also protecting the ecosystem from 
deterioration. From planning, establishment, management, to monitoring, GIS 
can efficiently fulfill the task since it is capable of holding a large amount of data 
and updating them instantly.
The term “Geographic Information System" (GIS) first appeared in the 
1960s. Early on, planners and landscape architects realized that data from 
individual resources maps could be integrated simply by overlaying transparent 
copies. One of the best-known exponents of this simple technique was the 
American landscape architect Ian McHarg (McHarg, 1969). This algorithm has 
become the most widely used suitability model in terms of today’s GIS. As a 
result of Roger F. Tomlinson’s efforts in classifying and mapping the land 
resources of Canada, the first ever built GIS—the Canadian Geographic 
Information System (CGIS) was developed by the Regional Planning Information 
System Division (Marble, 1984; Tomlinson, 1984; DeMers, 2000). In the United 
States, the most famous early GIS program was SYMAP (SYnagraphic MAPping 
system), developed at Harvard Graduate School of Design’s Laboratory for 
Computer Graphics, where Howard T. Fisher was the director. Their grid cell 
mapping programs “GRID” allowed the user to do in the computer what McHarg
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8had done with transparent overlays (Burrough and McDonnell, 1998; Martin, 
1996). From these roots, the use of GIS has become pervasive in today's 
society. GIS can be defined as a system for entering, storing, manipulating, 
analyzing, and displaying geographic or spatial data. It provides a link between 
spatial data and attribute information that describes the spatial data. In GIS, 
there are three important components - computer hardware, sets of application 
software modules, and a proper organizational context including skilled people 
(Burrough and McDonnell, 1998).
Ultimately all spatial data become map data when displayed. Map data 
can be defined as data that (1) provide reference or context, (2) serve as a 
baseline data set, or (3) supplement other spatial information (Fosnight and 
Greenlee, 2000). However, from initial data input to final data display, GIS can 
do much more than just print out a map. Once data have been registered, GIS 
techniques such as overlay analysis, modeling, buffering, and network analysis 
can be implemented as users need.
Continually, both computer hardware and GIS software are becoming more 
affordable while the efficiency keeps increasing. On the other hand, some 
governmental agencies have begun to establish GIS databases and distribute 
them at no or minimal costs. This affords GIS users broader sources when 
acquiring baseline data. The trend should be that more and more public or 
private sections invest in applying GIS for a wide spectrum of purposes.
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9Another significant benefit of GIS is in integration with remote sensing. 
Remote sensing encompasses aerial photography, aerial videography, satellite 
imagery, and other airborne and spacebome instruments to provide basic, 
hierarchical data for mapping. These data provide information for layers in GIS 
databases. Remote sensing data can provide a snapshot in time for large areas, 
and when combined with ground data collection, contribute consistent and 
accurate information to a GIS database (Lachowski et al. 1992). Furthermore, 
geostatistics can be used to explore and describe spatial variation in remotely 
sensed and ground data; to design optimum sampling schemes for image data 
and ground data; and to increase the accuracy with which remotely sensed data 
can be used to classify land cover or estimate continuous variables (Curran and 
Atkinson, 1998).
Green (1992) stated that GIS and image processing for natural resource 
management has benefited as a direct result of technological and organizational 
advances as follows:
• The imagery has improved.
• Computer hardware has become more powerful and less expensive.
• Computer software has become fully integrated and sophisticated.
• Procedures to assess map accuracy have been fully accepted as critical 
elements in the production of any GIS layer from remotely sensed data.
• University courses offer training in GIS and image processing.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
However, GIS coverage derived from remotely sensed data (including 
satellite imagery and aerial photography) will probably never supply or replace 
the detailed information that is only available through field investigation. It will 
never be able to supply the field information required for site-specific 
management. Once that information is gathered, however, the data can be 
entered into GIS as an attribute of the site and be retained indefinitely.
Remote sensing can improve efficiency if remotely sensed data are 
available when needed and if they are well correlated with important field 
measurements. Czaplewski (1999) categorized remote sensing data based on 
resolution and stated their use in forest management.
• Low-resolution satellite data include AVHRR, MODIS, and ERS-2 for 
continental scale maps, global change models.
• Medium-resolution satellite data include Landsat-5&7, SPOT-2&4, and 
IRS-C&D for identifying a few broad types of forest and several levels of 
forest density and measuring size, shape, and connectivity of forest 
patches.
• High-resolution satellite data include IKONOS-2, OrbView-3, EROS-B1&2, 
and Quickbird-2 having the capabilities similar to 1:40,000 small-scale aerial 
photographs for identifying forest stands, land use, distance to adjacent 
roads and water, forest fragmentation, and many types of urbanization.
• Large-scale aerial photography ranges in scale from 1:2,500 to 1:12,000 for 
identifying many of the forest cover conditions.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The U.S. Geological Survey (USGS) produces and distributes spatial data 
such as digital line graphics (DLG), digital raster graphics (DRG), digital elevation 
models (DEM), and digital orthographic quadrangles (DOQ). DLG’s consist of 
vector-format information including land use, land cover, transportation, 
ownership boundary, and hydrology while DRG's are raster scans of the 
published topographic maps. DEM’s, also called digital terrain models, are 
digital files that contain a grid pattern of point elevations that can be used to 
simulate the topography of an area. DOQ’s are derived from either 
panchromatic or color infrared (CIR) aerial photography covering a 7.5-minute 
quad topographic map with as fine as 1-meter spatial resolution. Each DOQ 
covers such data containing useful information regarding a variety of landscape 
features. DOQ’s can also be an excellent source for georeferencing other 
remotely sensed imagery, and can even be used to sharpen multispectral 
satellite imagery for improved visualization of site-specific features (Spruce,
1999).
Another excellent source of information is the U.S. Census Bureau 
Topologically Integrated Geographic Encoding and Referencing (TIGER) system. 
TIGER contains all the digital data for census features including roads, railroads, 
rivers, census tracts and blocks, political areas, latitude and longitude, feature 
names, and classification codes. Other government agencies such as the U.S. 
Natural Resources Conservation Service, the U.S. Forest Service, and the U.S.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
National Park Service also have GIS information on areas under their 
administration.
Before GIS was widely applied, aerial photographs were used by outdoor 
recreation planners in a way similar to that of land-use planners (mapping, 
inventory, analysis, planning, and communication). Recreation planners use 
photographs to help find suitable locations for the establishment of recreational 
sites in relation to other uses (Paine, 1981). Today, photographs are scanned 
as digital format that can be manipulated in GIS with the required accuracy. 
Integrating satellite images, aerial photographs, and ground surveys, GIS can be 
a very useful tool for forest recreation planning and management.
A few studies relating GIS applications to outdoor recreation have been 
completed. Gobster et al. (1987) cited the usefulness of GIS in evaluating 
physical and landscape characteristic for designation in the Forest Service’s 
Recreational Opportunity Spectrum. The utility and flexibility of GIS in 
examining policy alternatives was found to be beneficial. Kim (1990) discussed 
GIS capabilities, and commented that the difference from typical database 
management is that they are able to contribute a spatial component. In his 
study, a map of suitable locations that assisted decision making was created by 
overlaying layers representing existing facilities, potential sites, and a distance 
matrix. Chatfield et al. (1990) cited the use of a GIS in analyzing future need for 
recreational facilities for parks located in Tucson, Arizona. The results of the 
GIS analysis were used in the creation of the Master Plan 2000.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Cho (1991) reported that there is a potential for GIS to supply planners in 
park and recreation settings with important spatial data and functions.
Examples of uses include siting look-out towers, managing flora and fauna, 
inventorying resources, identifying areas of overuse, and mapping fire hazard 
location. Bristow (1991) described the implementation of GIS for a greenway 
planning project in Massachusetts. Confer et al. (1992) studied the spatially 
distributed activity patterns and site-specific attitudes of boaters in a lake and in a 
group of inland bays. The results demonstrate the ability of GIS to support 
spatial aspects in carrying capacity research. Wicks et al. (1993) displayed the 
map overlays of demographic data and existing recreation resources in a 
municipal park system and selected the census tracts where more park facilities 
are needed. Their study demonstrated the usefulness of GIS in addressing 
planning and policy issues in urban settings. Hams et al. (1995) examined the 
use of a GIS to identify locations where recreational users may be invading 
mountain sheep habitat in wilderness areas in Arizona. In this project GIS maps 
were created to visually represent the overlap between recreational use and 
sheep habitat. In 1993, U.S. Army Corps of Engineers completed its first master 
plan to fully use GIS -  Mill Creek Master Plan. The plan has been the vehicle 
used to establish database, graphic standards, procedures, and analysis, which 
will be used for the life of the project (U.S. Army Corps of Engineers, 1995).
Meighen and Volger (1997) discussed using GIS to examine boater density 
on reservoirs. The GIS results revealed that some areas were close to reaching
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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or perhaps exceeding carrying capacity, while others fell far below what was 
described as the optimum level of recreational use. Queens et al. (1997) 
utilized GIS for modeling impacts of forest roads on recreation opportunities.
The spatially explicit approach aided recreation planning. Wing and Shelby 
(1999) cited the benefit to integrate information on forest recreation using GIS.
A traditional user survey that incorporated spatial aspects was conducted, and 
maps were created by user types and seasons. The results assisted managers 
monitoring recreation impacts. In order to determine potential socioeconomic 
inequities, Tarrant and Cordell (1999) conducted a GIS study to examine the 
spatial distribution of outdoor recreation sites and their proximity to census block 
groups. Results showed that household income was a significant predictor of 
proximity to outdoor recreation sites. Using GIS integrated with an ecological 
land classification, archaeological databases and a visitor use database, Gajda 
et al. (2000) presented a campsite monitoring program to determine baseline 
levels of visitor impacts. They commented that GIS had been a powerful tool to 
understand the complexity of managing visitor impacts.
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METHODOLOGY
Study Area
In Texas, there are four National Forests, Angelina, Davy Crockett, Sabine, 
and Sam Houston. All of them are located in the Piney Woods Natural Region, 
one of the 11 Natural Regions delineated by the Texas Parks and Wildlife 
Department (fig. 1). This Region in east Texas encompasses the westernmost 
extent of Southern Pine Forests.
Within the Angelina National Forest, the Longleaf Ridge Special Area 
(LRSA) was used as the study area. It is under the administration of the U.S. 
Forest Service, Southern Region, and covers approximately 32,300 acres of land. 
The area is dominated by longleaf pine (Pinus palustris), and is the westernmost 
example of a longleaf pine savanna community. Longleaf Ridge is located on 
the south side of Sam Rayburn Reservoir, the largest water body within the 
boundaries of the state of Texas with 114,500 acres of surface area.
Ecologically, this area is located in the Western Coastal Plain Subsection 
based on the Ecological Classification System defined by U.S. Forest Service 
(Forest Sen/ice Southern Region, 1996). Mayflower Upland Land Type 
Association dominates this area. Geologic formations were deposited beginning 
in the late Eocene, and Miocene periods. The most characteristic and dominant 
formation is Catahoula with a high percentage of volcanic materials.
15
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Climatologically, the study area falls within the Subtropical Humid Region 
that is most noted for warm summers and is caused by the predominant onshore 
flow of tropical maritime air from the Gulf of Mexico. Hydrologically, the LRSA is 
situated near the northern limitation of the Gulf Coast Major Aquifer.
Neighboring the Yegua Jackson Minor Aquifer on the north, running springs can 
be found on the south side of the study area.
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Figure 1. Location of Longleaf Ridge Special Area in the Piney Woods Natural Region of 
Texas delineated by Texas Parks and Wildlife Department.
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Current Plans
According to the 1990 Texas Outdoor Recreation Plan (TORP), the study 
area is within the State Planning Region 14, Deep East Texas Region (Texas 
Parks and Wildlife Department, 1990). This Planning Region (fig. 2) with its 
heavily wooded, rural character and abundance of freshwater recreation 
opportunities attracts many visitors. Many cities and towns in this Region have 
recognized the positive economic benefits that follow recreation-related tourism. 
National Forests are an important aspect of recreation in the Deep East Texas 
Region. However, funding restrictions have forced the U.S. Forest Service to 
close some sites to concentrate funds at others. The recommendations for the 
U.S. Forest Service from TORP are as follow:
•  Continue to provide a diversity of quality recreation opportunities.
•  Fully assess the benefits of outdoor recreation so as to more adequately 
compete with other forest activities under the multi-use management 
concept.
•  Continue to inform the public of the recreation opportunities available on 
forest lands.
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Figure 2. Location of Longleaf Ridge Special Area in the Deep East Texas Planning 
Region of Texas Outdoor Recreation Plan delineated by Texas Parks and Wildlife 
Department.
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According to the 1996 Revised Land and Resource Management Plan of 
National Forests and Grasslands in Texas (Forest Service Southern Region, 
1996), the study area was categorized as Management Area 6: Longleaf Ridge 
Special Area. The theme of this area is “Upland Longleaf Pine Woodlands and 
Savanna Ecosystems-landscapes managed for large, older trees within the 
longleaf pine-little bluestem dominated community, while offering a range of 
compatible multiple uses, but primarily for the enhancement of westernmost 
example of longleaf pine communities and species such as the red-cockaded 
woodpecker." Over the landscape, ridge tops and upper slopes of hills will be 
dominated by the longleaf pine community. The understory vegetation is 
dominated by perennial prairie grasses, (primarily little bluestem, switchgrass, 
and Indian grass) with a variety of herbaceous species such as sunflower, 
tickclover and gayfeather.
From the U.S. Forest Service’s aspect, many recreation opportunities are 
provided in the study area, but recreational use will be oriented to the 
sustainability of the longleaf pine ecosystem and associated community.
Regional Facts
The study area falls within Angelina and Jasper Counties in east Texas. It 
is in a remote rural area far away from major population centers. The highway 
mileages are 210 to Dallas, 130 to Houston, and 140 to Shreveport, Louisiana 
(fig. 2). Although it is only 50 miles to the border between Texas and Louisiana, 
traditionally few visitors are expected from Louisiana. Essentially, the location of
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the study area is too far for day-use recreation for the larger metropolitan areas, 
but the environment is potentially attractive enough for residents from those 
areas for overnight use.
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Figure 3. Existing recreation sites on the Angelina National Forest clustered along the 
shorelines of Sam Rayburn Reservoir.
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At present, there are 21 developed recreation sites on or near the Angelina 
National Forest (fig. 3) managed by different governmental agencies. Most of 
them are located along the shorelines of Sam Rayburn Reservoir and are 
oriented toward fishing and fresh water activities (tablel).
Table 1. Existing developed recreation areas on the Ange ina National Forest.
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Bayou U.S. Forest Service X
Bouton Lake U.S. Forest Service X X X X
Boykin Springs U.S. Forest Service X X X X X X X X
Caney Creek U.S. Forest Service X X X X X X X X X X
Harvey Creek U.S. Forest Service X X X X X X
Sandy Creek U.S. Forest Sen/ice X X X X X X X X
Townsend U.S. Forest Service X X X X X
Ebenezer Corps of Engineers X X X X
Etoile Corps of Engineers X X X X X
Hanks Creek Corps of Engineers X X X X X X X X X
Jackson Hill Corps of Engineers • • • X • • • A A A A • X •
Mill Creek Corps of Engineers X X X X X X X X X X
Monterey Corps of Engineers X X
Overlook Corps of Engineers X X X
Powell Corps of Engineers • • • X • • A A A A • X A
Ralph McAlister Corps of Engineers X X
Rayburn Park Corps of Engineers X X X X X
San Augustine Corps of Engineers X X X X X X X X
Twin Dikes Corps of Engineers • • • X • • • A A A A • X A
Cassells-Boykin Angelina County X X X X X X
Shirley Creek Nacogdoches County • • • • • • • • • • • • •
Facilities furnished bv: Government * .  Concessionaire • .  Both A
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Based on the historical climatic data from the reporting station at Sam 
Rayburn Dam (Elev. 189 ft. above sea level, Lat.31° 04' N, Lon. 94° 06' W), the 
monthly normals from 1971 to 2000 are displayed in figures 4, 5, 6, and 7 
(National Climatic Data Center, 2002). Since this region is highly forested, the 
temperature doesn't fluctuate as widely as other regions of Texas. Hot months 
are in June, July, and August where the highest monthly average temperature is 
82.5°F for July. Temperatures in winter are seldom below freezing with the 
lowest monthly average of 46.5°F in January (fig. 4 & 5). This gives the study 
area the potential being a recreational destination for visitors from northern states 
in all but the coldest months. Two peaks of precipitation are from May to June 
and from November to January in winter (fig. 6). Relatively high humidity during 
the winter and spring is a limiting factor for some outdoor recreation activities.
100
MayFeb SepJan Mar Apr Jun Oct DecJul Aug Nov
70.2 84.557.5 62.5 76.9 91.0 94.6 89.3 60.394.5 79.7 68.1Max
58.3 73.146.4 50.5 64.8 79.5 82.3 81.8 77.0 49.066.7 56.6Mean
61.635.2 38.4 46.3 52.6 67.9 69.0 64.6 37.670.1 53.6 45.0Min
Figure 4. Monthly normals of temperature for the study area.
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Figure 5. Range of mean monthly temperature for the study area.
Figure 6. Monthly normals of total precipitation for the study area.
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Figure 7. Monthly normals of heating and cooling degree days for the study area. One 
heating (cooling) day is accumulated for each whole degree that the daily mean 
temperature is below (above) 65 degrees Fahrenheit.
Site Features
Longleaf Ridge Special Area (LRSA), located on the southern area of the 
Angelina National Forest, is bounded on the west by Upland Island Wilderness, 
on the north by the Sam Rayburn Reservoir, and on the south by the Neches 
River, a potential Scenic River (fig. 8). Texas State Highway 63 runs through 
the LRSA and separates it into two parts, northeast and southwest. Just west of 
the LRSA, Highway 63 connects to U.S. Highway 69 at a small town, Zavalla, 
with a population of 647 (fig. 3). This route acts as the main access to the 
LRSA.
The elevation in the LRSA ranges from 75 to 400 feet above sea level.
The relief changes mildly with slopes ranging from 0 to 33 %. A ridge running
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from northeast to southwest through LRSA gives the area its name. The ridge 
separates the hydrologic system into 2 watersheds, on the north down to the 
Sam Rayburn Reservoir and on the south to the Neches River.
Approximately 20,000 acres of private lands are nested within the study 
area as a whole, mostly located along the southern boundary. West of the 
LRSA, the 13,331-acre Upland Island Wilderness was designated in 1984 under 
the Texas Wilderness Act of 1984. Evidence of roads and trails that were 
constructed prior to wilderness designation can still be seen. The Wilderness is 
limited to primitive and unconfined forms of recreation that emphasize solitude. 
Upland Island is the largest of five Wildernesses in east Texas.
Developed U.S. Forest Service recreation sites within or adjacent to the 
study area are Caney Creek and Sandy Creek on the Sam Rayburn Reservoir 
and Boykin Springs and Bouton Lake south of Texas Highway 63. Recreation 
opportunities such as picnicking, camping, hiking, swimming, fishing, and boating 
are provided. Currently on Caney Creek Recreation Area, there are 5 
campground loops with a total of 123 campsites. Each loop has one or two 
restrooms. There are also a boat ramp, an amphitheater, and a concession 
building on the site. Sandy Creek is another water-based recreation area with 
only 15 campsites on two loops. Restrooms and a boat ramp are also provided 
on this site. Boykin Springs Recreation Area has a total of 35 campsites with 
one restroom in a mature longleaf pine forest. A swimming area is available at 
Boykin Lake. Bouton Lake is a primitive site facilitated with only a pit toilet.
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Camping is available free of charge and within a short distance in the Upland 
Island Wilderness.
Off-road vehicle riding is also available but has been prohibited on the area 
south of Highway 63 since December 1999. In addition, off-highway vehicles 
are restricted to public roads or the U.S. Forest Service roads not closed by signs 
or mounds of dirt. The closure is to keep the motorized vehicles away from 
sensitive areas.
Within the study area, the Old Aldridge Sawmill is categorized as a Cultural 
Heritage Area on the Forest Plan, and it is now designated as a National Historic 
Site. The Sawmill was first constructed by Hal Aldridge in1905. By 1911 there 
were 76 buildings including houses, a warehouse, hotel, company store, and 
company offices and a railway spur ran into it. The last of the township itself 
was abandoned in 1927, and the site was subsequently acquired by the U.S. 
Forest Service in 1935 (Forest Service Angelina National Forest, 1998). The 
abandoned shells of four concrete mill buildings, various concrete foundations, 
the mill pond, and portions of the old railroad tram still remain.
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Figure 8. Physical map of the Longleaf Ridge Special Area.
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Data Collection
Based upon the location of the study area, a preliminary assumption for the 
potential recreation market area was proposed. It covered 52 counties in east 
Texas, which are located within a 150-mile radius from the study area, without 
including any parishes in Louisiana.
Recreation Fee Envelopes
In order to depict the current trend of recreational use on the study area, 
U.S. National Forest Recreation Fee Permit Envelopes were counted and 
integrated into the database by the researcher. Presently on the Angelina 
National Forest, three U.S. National Forest recreation sites, Caney Creek, Boykin 
Springs, and Sandy Creek (fig. 3), charge an entrance or use fee. Users who 
visit these sites are required to pay for a recreation permit through a self-service 
envelope system. The rate is $2.00 for day-use per vehicle for parking and 
$6.00 for per campsite per day. On the recreation permit envelope, users are to 
fill in the information items as follow: Day Use/Swimming or Camping, Home Zip 
Code, Vehicle Plate Number and State, Number o f Persons in the Group, 
Campsite Selected, Date, Time, and Planned Departure Date.
Since Boykin Springs and Sandy Creek are located on the study area and 
Caney Creek is adjacent to it, the envelope data should closely depict the current 
breadth of the use of the study area. Recreation fee permit envelopes from 
September 2001 to August 2002 were used for this study. This 12-month data 
reveals the geographical distribution of users’ residence based upon ZIP codes,
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the average number of visitors in the group, the distribution of arrival times, the 
visitor-days of use by month, and the popularity of certain camp sites.
A total of 12,518 envelopes were counted with 3,494 of them from Boykin 
Springs, 5,368 from Caney Creek, and 3,656 from Sandy Creek (table 2). The 
number of persons in each party was reported on 9,009 of the envelopes. 
Envelopes for camping always came with the number of persons in party, but not 
envelopes of day use. In order to estimate the visitor-day of use for those 
envelops with missing values of number of persons in party, the average from 
known data of day-use was assigned to the unknown based on each site’s 
statistics, which were 3 (3.25) persons in each party for Boykin Springs, 2 (1.92) 
for Caney Creek, and 2 (2.41) for Sandy Creek.
Table 2. Number of Recreation Fee Permit Envelopes received from the Angelina 
National Forest.
Year Month Boykin Caney Sandy Total
9 93 319 170 582
2001 10 120 409 172 701
11 206 277 173 656
12 47 122 62 231
1 114 227 85 426
2 384 535 188 1,107
3 340 996 292 1,628
2002 4 391 1048 472 1,9115 575 611 537 1,723
6 452 344 646 1,442
7 498 286 523 1,307
8 274 194 336 804
Total 3,494 5,368 3,656 12,518
Summarized visitor-day data by ZIP code were converted to dBASE format, 
which was able to join to the attribute table of the geospatial dataset of Texas ZIP 
code area in GIS environment. The map of visitor-days of use by ZIP code area
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provided a visual understanding of current users home residence distribution. 
Visitor-days of use data at the ZIP code level were then spatially joined in a 
county level geospatial dataset. Eventually, a map of number of visitor-days by 
county was generated. Furthermore, the county level geospatial dataset was 
joined with demographic data to generate additional descriptive layers. 
Demographic Profile
For this study, demographic data at the county level were obtained from the 
U.S. Census Bureau (www.census.gov). Census 2000 was the most recent 
nationwide census conducted by the U.S. Census Bureau. Its Demographic 
Profile included four tables that provided various demographic, social, economic, 
and housing characteristics for the nation, states, counties etc.
For the purpose of projecting future recreation demand, population estimate 
data were obtained from Texas State Data Center (txsdc.tamu.edu) through its 
Population Estimates and Projection Program. Data extracted from this 
program contained projections from 2000 to 2030 by race/ethnicity in 10-year 
interval. Projections of total population by county then were combined with 
historic data of 1980 and 1990 to depict the population change in time series. 
National Survey on Recreation and the Environment
Begun in 1960 by the congressionally created Outdoor Recreation 
Resources Review Commission (ORRRC), a series of National Recreation 
Surveys (NRS) for outdoor recreation participation in the United States have 
been conducted. In 1994-95 the National Survey on Recreation and the
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Environment (NSRE) replaced and continued NRS. The latest NSRE was a 
telephone survey of a 22,847 usable interviews, which was conducted in 
1999-2000 (NSRE 2000) by the Interagency National Survey Consortium, 
coordinated by the U.S. Forest Sen/ice, Recreation, Wilderness, and 
Demographics Trends Research Group, Athens, GA and the Human Dimensions 
Research Laboratory, University of Tennessee, Knoxville, Tennessee.
Raw data of NRSE 2000 for Texas were provided by U.S. Forest Service, 
Southern Research Station in Athens, Georgia. This dataset was converted 
from its original SAS™ format to dBASE format, and then was related to the GIS 
database based on interviewees’ home county. The integrated dataset was 
used to project the demand of recreation activities in the market area.
Geospatial Data
Geospatial data for GIS analysis is the mainframe for this study. Data were 
gathered from many sources as listed in table 3. Original geospatial data were 
in different formats and different projections. Data manipulation was executed in 
ESRI ArcGIS™ Desktop 8.2 software. Statewide data were left in Geographic 
Coordinate System. Regional data were projected to Lambert Conformal Conic 
Coordinate System, whereas the local-level data were displayed in Universal 
Transverse Mercator (UTM) Coordinate System, Zone 15, North American 
Datum (NAD) 83.
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All vector data were integrated into a Personal Geodatabase using 
Microsoft™ Access database format. This format allows users’ integration of 
nonspatial attribute data outside GIS environment.
Table 3. Sources of geospatial datasets used in the study.
Geodataset Source Description
SPOT Satellite Image FRI 10-meter resolution
Landsat ETM+ Satellite Image FRI 30-meter resolution
Digital Elevation Model TNRIS 30-meter resolution
Digital Orthophoto Quadrangle FRI 1-meter resolution
Digital Raster Graphics FRI 7.5-minute quadrangle
Counties U.S. Census Bureau polygon
Cities TNRIS / U.S. Census Bureau polygon
ZIP Code Areas FRI polygon
Highways TNRIS/TxDOT line
Urban Lines TNRIS / TxDOT line
Natural Regions and Subregions TNRIS/TPWD polygon
National Forest (NF) Boundaries U.S. Forest Service polygon
NF Ownership U.S. Forest Service polygon
NF Stands U.S. Forest Service polygon
NF Road system U.S. Forest Service line
NF Streams U.S. Forest Service line
NF Lakes U.S. Forest Service polygon
NF Hypsography U.S. Forest Service line
NF Soils U.S. Forest Service polygon
NF Sensitive Plants U.S. Forest Service polygon
NF Recreation Sites U.S. Forest Service point
NF Archeological Site U.S. Forest Service point
NF Red-Cockade Woodpecker Clusters U.S. Forest Service polygon
FRI: Forest Resources Institute, College of Forestry, Stephen F. Austin State University, (fri.sfasu.edu) 
TNRIS: Texas Natural Resources Information System, (www.tnris.org)
TxDOT: Texas Department of Transportation (www.dot.state.tx.us)
TPWD: Texas Parks and Wildlife Department (www.tpwd.state.tx.us)
GIS Procedures
Region Level
Based on the preliminary assumption of the potential market area, a 
searching radius of 150 miles was assigned as a buffer distance centralized at
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the current Boykin Springs Recreation Area. Through the buffering selection 
process, 52 counties in east Texas were identified, which were later joined with 
county level attributes such as demographic characteristics, NSRE 2000 survey 
results, Recreation Fee Permit Envelope summary, and National Outdoor 
Recreation Supply Information System (NORSIS 1997). This county level 
dataset overlaid with transportation and city layers was used for regional 
analysis.
Site Level
Data for the site level were provided by the Angelina National Forest. By 
combining geospatial data of cover type, elevation, hydrology, roads, ownership, 
and existing recreation sites, two planning units, Sandy Creek Unit and Boykin 
Springs Unit, were proposed for further site design.
Site Analysis and Design
On each proposed unit, GIS analysis was applied to find the optimum 
location for recreation development using GIS Graphic Method (Hanna and 
Culpepper, 1998). Instead of using the classic overlay suitability map evaluation 
initialized by McHarg, the GIS Graphic Method makes themes binary based on 
importance to the proposed uses, ranks the themes, assigns place holder values, 
and then sums the overlays. The GIS Graphic Method output is more legible 
and able to determine the most critical factor. Table 4 compares the traditional 
Suitability Map Method and the GIS Graphic Method.
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Table 4. Comparison between Suitability Map Method and GIS Graphic Method.
Step Suitability Map Method GIS Graphic Method
1 Select relevant themes. Select relevant themes.
2
Assign values to attributes based on their 
relative suitability for the given activity (or 
use). This value assignment is a reclass, 
based on the experience and judgment of 
the designer.
Make them binary, based on 
importance to the proposed uses.
3 Determine weighting for each theme. Rank the themes.
4
Use map algebra to overlay and combine 
the thematic value, multiply the values of 
the weighted themes, then add (or 
subtract) the resultant values for each 
area or grid cell.
Assign placeholder values and sum 
the overlays.
5
Recolor (or shade) the combined 
overlays to correspond to the resultant 
total values.
Recolor to improve legibility.
6
Identify those areas with lightest tones as 
most (or least) suitable for the proposed 
use. Quantify acreages of each suitability 
class.
Superimpose vectors, points, overlay 
patterns.
7
Modify as needed for maximum 
legibility. Quantify acreages of each 
visible, or invisible, condition as 
needed.
Excerpted from Hanna and Culpepper (1998)
In this study, 7 theme layers were used for site analysis (table 5). Each 
theme layer was extracted from its original vector layer. The extracted features 
(polygons) were assigned the value of 1 in a new binary field, which later was 
based for converting from feature to raster. Before converting to raster, each 
theme layer was unified with a background layer, which covered the full extent of 
the study area. The new layer derived from union contained a binary code (1 or 
0) for each polygon. This layer then was converted to a grid based on the 
binary field with an output resolution of 30 meters, which was consistent with the
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resolution of Digital Elevation Model (DEM). Figure 9 shows GIS steps for the 
procedure.
Table 5. Theme layers used for site analysis in the study.
Rank Theme (most critical condition) Assignedvalue
Composite
value
Lowest Steep slopes (greater than 10%) 1 1
Next highest High shrink-swell soils 2 2-3
Next highest Flooded soils 4 4-7
Next highest Bog areas including 50-foot buffer zones 8 8-15
Next highest Sensitive plant areas including 50-foot buffer zones 16 16-31
Next highest ROW clusters including 50-foot buffer zones 32 32-63
Highest Archeological sites including 100-foot buffer zones 64 64-127
O
Extracted
feature
+
Union
Background
coverage
Binary
Feature
To
R aster
0 0 0 0 0 0
0 0 0 0 0 0
0 1 1 0 0 0
1 1 1 1 0 0
0 1 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
theme Grid
Figure 9. Process of generating binary grid for site analysis.
After each theme layer was converted to grid, the gridcode was recalculated 
for each grid based on the value assigned for each theme in table 5, which was 
based on the rank of importance. Eventually, all of seven grids were summed 
up to a composite grid, which was used for site analysis and design. By 
recoloring the composite grid, site sensitivity could be examined throughout the 
study area with different colors distinguishing different critical conditions and 
different tones distinguishing different importance ranks.
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RESULTS AND DISCUSSION
Regional Analysis
Potential Market Area
A total of 52 counties of east Texas were identified as the Potential Market 
Area based on a 150-mile radius from the study area. It comprised a population 
of 6,664,782 (Census 2000). None of parishes in Louisiana were included since 
very few Louisianans cross the border to recreate in Texas.
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Figure 10. Percentages of age groups in the Market Area compared with Texas and USA 
in 2000. (Source: U.S. Census Bureau)
The demographic profile by percentage of age group showed that the
Market Area was a relatively young community compared with the whole country
36
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(fig. 10). In the Market Area, percentages of all age groups younger than 45-year 
old were greater than those of nationwide. Conversely, those of all age groups of 
45 years or older were less than the national percentages. Since the Market 
Area includes Harris County and the Houston Metropolitan Area (fig. 11), its fast 
growing economy provides many opportunities for young adults.
Figure 11 shows the county population densities within the Market Area. 
Geographically, the Longleaf Ridge Special Area has an average travel distance 
of over 100 miles from the major population centers of Houston and Dallas. This 
distance is beyond the general home range for people choosing recreation 
destinations and is the most critical limiting factor.
In the long run, population in the Market Area will steadily grow. By 2030, 
the total population is projected to reach 9,732,246, which is a 46 percent 
increase from 2000 (fig. 12). The Hispanic population is projected to grow faster 
than other groups becoming the largest population segment by 2030.
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persons per square mile 
0-64
Figure 11. County population density within the Market Area in 2000. (The circle covers 
the area with a 150-mile radius from the Longleaf Ridge Special Area.)
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Figure 12. Population projection for the Market Area by race/ethnicity. (Source: Texas 
State Data Center)
Current Recreational Use
Data from the Recreation Fee Permit Envelopes revealed a current pattern
of recreational use on the study area. Not every envelope was filled with all
required information. Table 6 shows the summary from all of the 12,518
envelopes. Some descriptive statistics were based on partial information. Both
Sandy Creek and Caney Creek are on the shorelines of Sam Rayburn Reservoir,
whereas Boykin Springs is in a forested setting. Average party size data
revealed that Boykin Springs with an average size of 3.31 is more family oriented
than Caney Creek (2.17) and Sandy Creek (2.58),
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
40
Table 6. Summary of Recreation Fee Permit Envelopes for Boykin Springs, Caney Creek,
and Sandy Creek Recreation Areas from September 2001 to August 2002.
Data Type Boykin Caney Sandy Total
Day-Use 2,421 4,231 3,130 9,782
Numbers of envelopes collected Camping 1,073 1,137 526 2,736
Total 3,494 5,368 3,656 12,518
Day-Use 1,655 2,786 2,135 6,576
Numbers reporting size of party Camping 967 1,010 456 2,433
Total 2,622 3,796 2,591 9,009
Day-Use 3.25 1.92 2.41 2.41
Average of persons in party Camping 3.42 2.84 3.40 3.18
Total 3.31 2.17 2.58 2.62
Day-Use 1 1 1 1
Average of days of stay Camping 1.62 2.52 2.29 2.12
Total 1.19 1.32 1.19 1.25
Day-Use 1,570 2,294 1,920 5,784
Numbers reporting arrival time Camping 782 773 405 1,960
Total 2,352 3,067 2,325 7,744
Day-Use 1,972 3,382 2,640 7,994
Numbers reporting home ZIP code Camping 1,013 1,044 495 2,552
Total 2,985 4,426 3,135 10,546
Day-Use 2,209 4,040 2,885 9,134
Numbers reporting home state Camping 1,054 1,090 510 2,654
Total 3,263 5,130 3,395 11,788
For recreation research, the parameter visitor-days of use is widely used to
evaluate the amount of visitation to a site. Visitor-days are calculated by 
multiplying number of visitors in the party by number of days of stay. The number 
of days of stay for day-use is always one, while camping for one night is also 
counted as one, for two nights as two, etc. A total number of 40,470 visitor-days 
was recorded, where some missing data were estimated using the mean value of 
known data for day-use on each site. Results showed that Caney Creek had the 
greatest umber of visitor-days for both day-use and camping while Boykin 
Springs was second (table 7). For both Boykin Springs and Caney Creek, 
camping made up about the same percentage of total use (44% and 48%) while
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percentage for Sandy Creek was lower (35%). Sandy Creek has only 15 
campsites, compared to 123 at Caney Creek and 35 at Boykin Springs. Deriving 
the average occupancy of campground from the average daily number of 
occupied campsites normalized by the total of campsites on each area, it showed 
that campsites at Sandy Creek (22.05%) were the most frequently used, followed 
by Boykin Springs (13.59%). Campsites occupancy at Caney Creek was as low 
as 6.37%.
Table 7. Number of visitor-days by use type to Boykin Springs, Caney Creek, and Sandy 
Creek Recreation Areas from September 2001 to August 2002.___________ _______
Site Boykin Caney Sandy Total
Year Month Day-Use Camping Day-Use Camping Day-Use Camping
9 221 123 477 570 272 154 1,817
10 155 270 598 710 269 231 2,233
11 261 722 415 498 309 213 2,418
2001 12 60 142 207 66 92 69 636
1 250 47 384 89 178 3 951
2 846 417 909 447 351 123 3,093
3 599 792 1,429 1,332 462 402 5,016
4 877 583 1,502 1,519 825 631 5,937
5 1,258 1,225 871 1,238 1,175 686 6,453
6 1,120 637 573 562 1,304 731 4,927
7 1,302 655 543 248 1,169 401 4,318
2002 8 710 401 350 265 747 198 2,671
Total 7,659 6,014 8,258 7,544 7,153 3,842 40,470Grand Total 13.673 15,802 10,995
Monthly difference in the total number of visitor-days presented very
different patterns on each site (fig. 13). For Caney Creek, the highest peak of 
use occurred from February to May while the second high occurred from 
September to November. This pattern was highly related to fishing seasons, 
especially to fishing tournaments. Through the number of visitor arrivals by time
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of day (fig. 14), the fishing related pattern for Caney Creek showed a peak 
around 7 am, when anglers came for fishing in the early morning.
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Figure 13. Total number of visitor-days by month in Boykin Springs, Caney Creek, and 
Sandy Creek Recreation Areas from September 2001 to August 2002.
Monthly visitor-day and hourly visitor arrival data for Boykin Springs told a 
very different story. The graph of monthly visitor-day fluctuated through the year. 
The peak period of use was from May to July coinciding with school summer 
vacation (fig. 13). The other peak in November occurred with hunting season 
and Thanksgiving holidays. This pattern reconfirmed that Boykin Springs is a 
highly family oriented recreation area. Visitor arrivals in time of day shaped a 
mono-modal curve centralized at noon (fig. 14). Visitor arrivals increased rapidly 
in the morning, which mostly comprised of visitors coming for day-use such as
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picnicking, hiking, and swimming. In the afternoon, numbers slowly declined as 
day-users were replaced by campers in arrival data.
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Figure 14. Total number of visitor arrivals by hour in Boykin Springs, Caney Creek, and 
Sandy Creek Recreation Areas from September 2001 to August 2002.
The recreation use in time series for Sandy Creek was a pattern between 
Caney Creek and Boykin Springs. Monthly sum of visitor-days changed 
smoothly through the year. Its gradual increase from May to July was related to 
temperature and school summer break (fig. 13). Visitor arrival time showed that 
there was a rush hour for fishing in the early morning similar to, but smaller than 
the one at Caney Creek. However, unlike the pattern in Caney Creek, a large 
portion of visitors coming to Sandy Creek arrived late morning to late afternoon 
(fig. 14).
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Overall, Caney Creek is a fishing oriented site, which is not much different 
from other existing recreation areas along the shorelines of Sam Rayburn 
Reservoir. Boykin Springs provides more diverse resources from running springs, 
natural trails, scenic drives and a river to a historic site in a forested setting, 
which accommodate a variety of visitors’ expectations. The main theme for 
Sandy Creek is water activities including freshwater fishing and beach activities. 
One of the results common to all of the three recreation areas was very low use 
in winter (December to January).
Core Service Area
Data from the Recreation Fee Permit Envelopes also provided the visitors’ 
geographic profile. Among those 31,524 individuals who visited during from 
September 2001 to August 2002, 89.6% came from Texas (table 8). Invalid or 
blank responses made up 5.6% and only 2.4% of visitors were from Louisiana, 
even though it was only 50 miles away. This result confirmed the preliminary 
assumption that the Potential Market Area should be targeted only on Texas side. 
Visitors from Louisiana mainly came for fishing since the percentages for Caney 
Creek and Sandy Creek were relatively higher than that for Boykin Springs.
10,546 out from the 12,518 envelopes contained the visitor’s home ZIP 
code. Extracting all ZIP codes in Texas constituted a total of 33,759 visitor-days. 
Sums of visitor-days by each ZIP code were joined to the attribute table of a ZIP 
code polygon layer in GIS. Each ZIP code polygon then was assigned a county 
code. A summary table of visitor-day by county was generated, which later was
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joined to a county polygon layer to achieve a map showing numbers of visitor- 
days by county (fig. 15). Results showed that a large portion of the visitors came 
from counties south of the Sam Rayburn Reservoir. It seems that the Reservoir 
acts as a barrier for people from north of it. Angelina County contributed the 
most visitor-days because of its convenient location to the recreation areas. 
Although Hams County is on the outskirt of the Potential Market Area, it still 
contributed a substantial number of visitor-days since it is so highly populated. 
Table 8. Number of visitors by home state to Boykin Springs, Caney Creek, and Sandy
Area Type Texas Unknown Others Louisiana Total
Boykin
Day-Use 6,752 628 144 126 
88.3% 8.2% 1.9% 1.6%
7,650
100.0%
Camping 3,477 76 83 39 
94.6% 2.1% 2.3% 1.1%
3,675
100.0%
Total 10,229 704 227 165 
90.3% 6.2% 2.0% 1.5%
11,325
100.0%
Caney
Day-Use 7,210 382 291 359 
87.5% 4.6% 3.5% 4.4%
8,242
100.0%
Camping 2,885 115 104 36 
91.9% 3.7% 3.3% 1.1%
3,140
100.0%
Total 10,095 497 395 395 
88.7% 4.4% 3.5% 3.5%
11,382
100.0%
Sandy
Day-Use 6,347 503 93 184 
89.1% 7.1% 1.3% 2.6%
7,127
100.0%
Camping 1,580 52 52 6 
93.5% 3.1% 3.1% 0.4%
1,690
100.0%
Total 7,927 555 145 190 
89.9% 6.3% 1.6% 2.2%
8.817
100.0%
Grand Total 28,251 1,756 767 750 
89.6% 5.6% 2.4% 2.4%
31,524
100.0%
When sums of visitor-day by county were normalized by county population 
to display the map in percentage context (fig. 16), highest participation rates still 
fell in the counties just south of the recreation areas. The ratios gradually
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declined as the counties are further away from the LRSA. Based on the 
participation trend within the Potential Market Area, a Core Service Area for the 
Longleaf Ridge Special Area was proposed. First, 18 counties were selected, 
where percentages of sum of visitor-days over county population were greater 
than 0.3%. Second, seven other highly populated counties, Fort Bend, 
Montgomery, Galveston, Brazoria, Smith, and Gregg, were also selected based 
on the break point of 100,000 total population. Finally, counties in between the 
already selected counties were included.
Twenty-nine counties were considered as the Core Service Area (fig. 16). It 
contained a population of 5,904,600 in 2000. Reviewing the visitor-days based 
on ZIP codes, the Core Service Area contained 31,525 visitor-days out from 
33,759 of Texas total. This is the maximum area that should be focused when 
assessing demand and supply for forest recreation planning.
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Figure 15. Numbers of visitor-days by county to Boykin Springs, Caney Creek, and 
Sandy Creek Recreation Areas from September 2001 to August 2002.
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Demand Projection
The NSRE survey was conducted in 1999-2000. A total of 2,559 Texans 
16 years of age and over were interviewed by phone survey throughout the 254 
counties. Based on interviewees' home county, these data were narrowed to the 
Potential Market Area and Core Service Area. The Potential Market Area 
included 717 interviews in 52 counties, and 611 interviews were from the 29 
counties in the Core Service Area. Outdoor recreation activities asked in the 
survey were categorized into two types. One was broadly popular activities, and 
the other was activities especially suitable for forest settings. Percentages of the 
interviewees who participated the activities were calculated to show relative 
popularities.
Figures 17 and 18 show the comparison of activity popularities for the State, 
Market area, and Core area. For broadly popular activities, the popularity trend 
remained approximately the same in each activity between Potential Market Area, 
Core Service Area, and Texas as a whole. Because of their common popularity, 
they are provided in most recreation areas where suitable resources exist, but 
they are not especially suitable activities to distinguish or separate market 
segments or to provide an individual character for a recreation area.
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Figure 17. Participation percentages of broadly popular activities in Texas, Potential 
Market Area, and Core Service Area. (Source: NSRE 2000)
For activities especially suitable for areas similar to the LRSA, the three 
most popular activities, visiting a beach, swimming in natural water, and 
warmwater fishing, were all water-based (fig. 18). Cordell and Tarrant (2002) 
reported similar findings in that water based activities are most popular 
southwide and are the only recreational pursuits in which southern states exceed 
national averages. Because of the abundant water and forest resources in east 
Texas, participation percentages of water-based and forest-based activities in 
Potential Market Area and Core Service Area were always higher than the state 
average. However, participation percentages of several activities especially 
appropriate to the LRSA including hiking, backpacking, primitive camping, bird
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watching and wildlife viewing/photographing in target areas were lower than the 
state average. One of the reasons is the relatively high precipitation and 
humidity in this region. This can be compensated by providing shelters such as 
covered campsites and pavilions along trails. Another reason is that hunting 
season keeps non-hunting visitors out of the woods for safety reasons. 
Designated non-hunting areas should increase these types of use by making 
substantial areas available in the most popular season for hiking and related 
nature-based activities.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
52
Visit a beach 
Swimming in natural water 
Warmwater fishing 
View/photograph wildflowers, trees.. 
Gather mushrooms, berries, etc.
Visit a wilderness 
View/photograph wildlife 
Day hiking 
View/photograph fish 
Mountain biking 
Drive off-road 
View/photograph birds 
Developed camping 
Horseback riding 
Big game hunting 
Horseback riding on trails 
Small game hunting 
Canoeing 
Primitive camping 
Backpacking
45.99
41.74
34.26
32.18
28.15
27.00
18.16
17.86
14.94
12.60 : □  Market
20 40
P e rc e n ta g e  P a r tic ip a te d
60
Figure 18. Participation percentages of activities especially suitable for forest settings in 
Texas, Potential Market Area, and Core Service Area. (Source: NSRE 2000)
In order to discover participation trends across age groups, the NSRE 2000 
data for the Core Service Area were segmented based on interviewee’s age. For 
broadly popular activities (table 9), the group of 60 years and over always had 
lower participation percentages in each activity, especially for those equipment- 
based activities such as bicycling (20.00%) and motorboating (16.36%). For age
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groups other than 60 years and over, the participation percentages were not 
different across age groups in each activity.
Table 9. Participation percentages of broadly popular activities in Core Service Area by
age. (Source: NSRE 2000)
Activity
16 to 24
Age
60 and over25 to 44 45 to 59
Family gathering 72.73 79.92 64.18 57.27
Walk for pleasure 80.81 79.13 79.85 79.09
Visit nature centers, etc 59.60 63.39 55.97 39.09
Sightseeing 51.32 61.60 58.42 55.75
Driving for pleasure 50.18 60.73 58.42 52.65
Picnicking 41.41 56.69 44.78 40.00
Visit historic sites 40.45 53.68 46.77 36.63
Bicycling 47.47 46.06 39.55 20.00
Motorboating 28.28 33.86 23.88 16.36
View/photograph natural scenery 40.00 30.77 42.86 26.67
The age group segmentation on the activities that are especially suitable for 
forest settings (table 10) showed more diverse participation percentages in each 
activity across the age groups. The age group of 60 years and over still ranked 
least in participation in many activities. However, this group participated in the 
activities of gathering mushrooms, berries, etc. (22.73%), visiting a wilderness 
(24.55), and viewing/photographing birds (13.33%) as often as other younger 
groups. Although the oldest group had low participation percentages, the aging 
trend of the population should be taken into consideration in planning recreation 
for the future. Age groups of 16 to 24 years and 25 to 44 years were both 
dominant in more popular activities such as visiting a beach (55.56% for 16 to 24 
years and 57.09% for 25 to 44 years), swimming in natural water (51.21% and 
53.09%), mountain biking (20.64% and 23.87%), and driving off-road (29.46%
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and 21.36%). These two groups composed of the largest portion of total 
population (46.33% of Texas population in 2000) and should be targeted as the 
primary segments for the planning.
Table 10. Participation percentages of activities especially suitable for forest settings in 
Core Service Area by age. (Source: NSRE 2000)_________________________
Activity
16 to 24
Age
25 to 44 45 to 59 60 and over
Visit a beach 55.56 57.09 37.31 25.45
Swimming in natural water 51.21 53.09 35.49 16.78
Warmwater fishing 36.62 40.14 30.65 25.17
View/photograph wildflowers, trees, etc. 33.33 35.90 42.86 13.33
Gather mushrooms, berries, etc 24.24 33.07 24.63 22.73
Visit a wilderness 23.23 29.13 29.10 24.55
Day hiking 30.30 28.35 22.39 9.09
View/photograph wildlife 33.33 28.21 28.57 13.33
Mountain biking 20.64 23.87 14.74 5.71
Drive off-road 29.46 21.36 1388 5.44
Developed camping 13.33 17.95 14.29 6.67
View/photograph birds 13.33 17.95 14.29 13.33
View/photograph fish 33.33 17.95 21.43 6.67
Big game hunting 10.91 13.64 9.48 7.16
Horseback riding 25.25 11.02 14.18 3.64
Small game hunting 12.12 8.80 8.69 2.05
Canoeing 11.11 8.66 4.48 2.73
Horseback riding on trails 21.04 8.48 10.45 2.42
Primitive camping 13.33 7.69 7.14 0.00
Backpacking 13.33 5.13 0.00 0.00
Some activities (table 10) specifically preferred by the youngest group of 16
to 24 years were viewing/photographing fish (33.33%), horseback riding 
(25.25%), small game hunting (12.12%), canoeing (11.11%), horseback riding on 
trails (21.04%), primitive camping (13.33%), and backpacking (13.33%). 
Although the participation percentages for these activities were not as high as 
other more popular activities, the Longleaf Ridge Special Area has the resources
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to provide these opportunities. The demands of these activities can even 
become higher when the youngest group carries their hobbies into adulthood.
Table 11. Participation percentages of broadly popular activities in Core Service Area by
race/ethnicity. (Source: NSRE 2000)
Activity
Anglo
Race/Ethnicity 
Black Hispanic Other
Walk for pleasure 80.19 75.95 76.54 87.50
Family gathering 70.05 68.35 80.25 66.67
Sightseeing 62.29 44.27 42.35 66.41
Driving for pleasure 59.91 44.27 49.91 61.98
Visit nature centers, etc 58.21 44.30 56.79 66.67
Visit historic sites 51.97 36.11 32.39 40.91
Picnicking 49.28 39.24 54.32 50.00
View/photograph natural scenery 46.15 0.00 26.67 20.00
Bicycling 39.37 37.97 45.68 33.33
Motorboating 35.51 5.06 9.88 12.50
Furthermore, the NSRE 2000 data for the Core Service Area were 
segmented into four racial/ethnic groups, Anglo, Black, Hispanic, and Other 
(tables 11& 12). Results show that the Anglo group was dominant in most of the 
activities. The Hispanic group had the highest participation percentages in family 
gathering (80.25%), picnicking (54.32%), bicycling (45.68%), day hiking (34.57%), 
and mountain biking (20.30%), whereas the Other group had the first rank in 
broadly popular activities such as walking for pleasure (87.50%), sightseeing 
(66.41%), driving for pleasure (61.98%), and visiting nature centers (66.67%).
The Black group was relatively low in activity participation, especially in forest 
settings and equipment-requiring activities such as viewing/photographing, 
motorboating, hiking, camping, backpacking, and canoeing.
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Table 12. Participation percentages of activities especially suitable for forest settings in 
Core Service Area by race/ethnicity. (Source: NSRE 2000)__________________
Activity Race/Ethnicity
Anglo Black Hispanic Other
Swimming in natural water 47.86 16.61 35.98 30.99
Visit a beach 47.34 31.65 48.15 54.17
View/photograph wildflowers, trees, etc. 46.15 0.00 20.00 20.00
Warmwater fishing 40.16 19.37 24.69 15.63
View/photograph wildlife 36.54 7.14 20.00 0.00
Gather mushrooms, berries, etc. 31.64 17.72 22.22 16.67
Visit a wilderness 30.92 15.19 16.05 25.00
Day hiking 25.12 6.33 34.57 29.17
View/photograph fish 25.00 7.14 20.00 0.00
View/photograph birds 21.15 0.00 13.33 0.00
Developed camping 21.15 0.00 6.67 0.00
Drive off-road 21.15 9.03 10.86 13.28
Mountain biking 19.43 8.86 20.30 12.50
Horseback riding 15.22 6.33 9.88 0.00
Big game hunting 13.51 7.09 4.23 0.00
Horseback riding on trails 11.09 6.33 9.88 0.00
Primitive camping 9.62 0.00 6.67 0.00
Small game hunting 9.27 3.54 8.47 0.00
Canoeing 8.45 0.00 2.47 4.17
Backpacking 5.77 0.00 6.67 0.00
Essentially, Hispanics were more family-oriented in choosing activities for
outdoor recreation and tended to recreate near home. These characteristics 
have to be regarded since the population growth of Hispanic is projected much 
higher than any other racial/ethnic groups. For forest setting activities, Anglos 
were more active than others. This has been a trend throughout the years.
Population projection data were combined with the data of participation 
percentage by race/ethnicity. The estimations of numbers of participants by 
activity and by year were obtained based on the Core Sen/ice Area (tables 13 & 
14). Since the estimation was weighted by race/ethnicity, the ranking of activity 
populanty was altered slightly. Visiting nature centers became the third most
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popular activity, whereas visiting a wilderness dropped two ranks in the forest 
setting suitable activities.
Table 13. Estimated participants of broadly popular activities in Core Service Area by 
year. (Source: NSRE 2000 and Texas State Data Center)___________________
Activity Number of participants (1,000)
2000 2010 2020 2030
Walk for pleasure 4,658 5,353 6,098 6,867
Family gathering 4,258 4,941 5,685 6,467
Visit nature centers, etc 3,294 3,798 4,342 4,910
Driving for pleasure 3,234 3,690 4,176 4,672
Sightseeing 3,211 3,625 4,058 4,488
Picnicking 2,880 3,341 3,844 4,373
Visit historic sites 2,588 2,898 3,219 3,533
Bicycling 2,386 2,768 3,186 3,625
View/photograph natural scenery 1,888 2,097 2,317 2,539
Motorboating 1,342 1,439 1,528 1,601
Table 14. Estimated participants of activities especially suitable for forest settings in 
Core Service Area by year. (Source: NSRE 2000 and Texas State Data Center)
Activity Number of participants (1,000) 
2000 2010 2020 2030
Visit a beach 2,662 3,079 3,532 4,009
Swimming in natural water 2,280 2,580 2,899 3,226
Warmwater fishing 1,862 2,073 2,292 2,506
View/photograph wiidflowers, trees, etc. 1,791 1,958 2,127 2,288
Gather mushrooms, berries, etc. 1,545 1,736 1,937 2,138
View/photograph wildlife 1,510 1,660 1,813 1,962
Day hiking 1,436 1,702 2,003 2,333
Visit a wilderness 1,429 1,587 1,748 1,903
View/photograph fish 1,148 1,293 1,449 1,609
Mountain biking 1,031 1,190 1,365 1,551
Drive off-road 951 1,053 1,156 1,255
View/photograph birds 856 950 1,048 1,148
Developed camping 759 811 858 897
Horseback riding 686 762 841 919
Big game hunting 559 599 636 664
Horseback riding on trails 557 631 711 793
Small game hunting 451 512 578 648
Primitive camping 398 444 494 545
Canoeing 312 336 358 377
Backpacking 278 322 372 427
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Recreation Resources
The National Outdoor Recreation Supply Information System (NORSIS 
1997) contained county-level indicators of outdoor recreation resources for the 
whole nation. Data extracted from this database were based on the 29 counties 
in the Core Service Area. Figure 19 shows the federal recreation land acres and 
the number of existing campgrounds in the Core Service Area by county.
Federal recreation lands included the total area of National Forest (635,825 
acres). National Wilderness (35,718 acres), National Park (96,678 acres), Army 
Corps of Engineers recreation land (4,882 acres), and Fish and Wildlife Sen/ice 
refuge open for recreation land (150,146 acres). It is obvious that most federal 
recreation lands were located in low populated counties. National Forest and 
Wilderness made up 73% of the total area of federal recreation lands. The LRSA 
is nested within the forest-dominated region. The National Park acres were 
composed of Big Thicket National Preserve along the Neches River south of 
LRSA. Fish and Wildlife Service refuge acres fell along the coastlines of Gulf of 
Mexico.
Including private and public sectors, the total number of campgrounds in 
each county was essentially related to county population or whether there was a 
big lake. An exception which was low in population but high in campgrounds was 
Sabine County. Its large number of campgrounds was operated based on the 
resources on Sabine National Forest and Toledo Bend Reservoir. This result 
was consistent to the research conducted by Beale and Johnson (1998). Based
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on recreational employment, recreational earnings, seasonal housing, spending 
per capita on lodging, and evidence of recreational activity, they identified 285 
counties as recreational counties in nonmetropolitan America. Sabine County 
was the only one identified as a recreational county in east Texas. The 
recreation opportunities in Sabine County are mostly water-based. Nonwater- 
based recreation activities should be emphasized on the LRSA in order to 
diversify the recreation options in the region, and not to compete with established 
sites on Toledo Bend and Sam Rayburn Reservoirs.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
60
A: #
\
acham
^1£,AW£4S$2
^ ' 4 V r * '  $ S k 5 » f  ' ’
N u m b e r  o f C a m p g r o u n d s  
1
Q  5
Q  10
| [ N ational F o re s t
Lake
Nalional P re s e rv e  
F e d e ra l  L an d  A c re s  
0-1778 
I | 1779-18296
  18297 - 40042
40043 - 77667 
77668-103467
100
Miles
Figure 19. Federal recreation land acres and the number of existing campgrounds in the 
Core Service Area by county. (Source: NORSIS 1997)
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Site Analysis
Planning Units
A Landsat ETM+ multispectral dataset (30 * 30 m) imaged on September 
20,1999 was used to broadly visualize the land cover of LRSA. After a 
histogram equalization (4 bins) contrast enhancement, the combination of band 7 
(shortwave infrared), band 4 (near infrared), and band 2 (green) was displayed in 
RGB (Red:Green:Blue). The image (fig. 20) distinguished primary vegetation 
types, which were highly related to the interaction of elevation (fig. 21) and 
hydrology. Taking account of road system, land ownership, and exiting 
recreation facilities, two planning units, Boykin Springs and Sandy Creek, were 
proposed. Satellite image and aerial photos revealed that the Boykin Springs 
Unit was dominated by mature longleaf pine stands with clumpy canopy layers, 
whereas the Sandy Creek Unit primarily contained immature longleaf/loblolly pine 
stands with a uniform pattern. This identification was reconfirmed by overlaying 
the forest stand GIS layer (fig. 22), which was provided by the U.S. Forest 
Service, onto the satellite image.
These two planning units, Boykin Springs and Sandy Creek have different 
themes distinguished by their locations and recreation resources. Boykin 
Springs Unit does not have a big lakefront. It is more natural and historical 
oriented than Sandy Creek Unit. The themes of Boykin Springs Unit are diverse 
structure of mature longleaf pine stands, bottomland vegetations such as 
baldcypress and magnolia/beech communities, running springs, sawmill ruins,
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abandoned railways, Neches River, and access to the Upland Island Wilderness. 
Boykin Springs Unit can provide more different types of recreation opportunities 
than Sandy Creek Unit or any other existing recreation sites within the local area. 
Sandy Creek Unit has the lake front for water-based activities. In the meantime, 
the immature pine stands located on the highest ridge within the LRSA provide 
visitors the opportunities for dispersed activities such as mountain biking, 
horseback riding, and off-road driving. The access to both two planning units is 
showed in figure 21 and the comparison of features between two planning units 
is shown in table 15.
Table 15. Comparison of features between Boykin Springs Planning Unit and Sandy 
Creek Planning Unit.______________________________________________
Boykin Springs Unit Sandy Creek Unit
South of State Highway 63 North of State Highway 63
Majority of mature longleaf pine stands on 
uplands with hardwood-pine mixed stands on 
bottomlands
Majority of immature longleaf/loblolly pine 
stands
Clumpy canopies with more open forest floors Uniform canopies with more even-aged overstory
More relief change Less relief change
Small lakes and a scenic river Shorelines of a big lake
Running springs and creeks Dry uplands along the ridge
Historic sites and adjacent to a wilderness Adjacent to the Reservoir Dam and an equestrian camping area
Family oriented with more diverse recreation 
opportunities Water activities centralized
In order to screen the limitations of recreation development, seven critical 
factors were taken into account. They were steep slopes, high shrink-swell soils, 
flooded soils, bog areas, sensitive plant areas, RCW clusters, and archeological
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sites. Each factor was presented as a GIS layer (fig. 23 to fig. 29). After ranking 
the importance, a composite layer was generated using map calculation. The 
ranking itself was based on how renewable each limiting factor is under 
recreation development. The composite map was then used as the base map 
overlaid with other features for site design.
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Figure 20. Two planning units, Boykin Springs and Sandy Creek, based on the Landsat ETM+ satellite image.
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Figure 21. Elevation and access to the two planning units, Boykin Springs and Sandy Creek.
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Figure 22. Forest stand map of the Longleaf Ridge Special Area
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Steep Slopes
A total of 1,344 acres was identified as steep slopes. The slope layer was 
first derived from the 30-meter DEM and then reclassified into two categories, 
less than or equal to 10% vs. greater than 10%. Areas with slopes greater than 
10% were extracted and ranked as the least important limiting factor among 
those seven ones since it usually can be overcome by engineering. Recreation 
development is not limited exclusively by the slope present, but by limiting factors 
all together. If the overall impact is not severe, slopes can even enhance 
recreation experiences.
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Figure 23. Limitations of slopes greater than 10% on the planning units of Boykin
Springs and Sandy Creek.
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High Shrink-Swell Soils
A total of 1,743 acres was identified as high shrink-swell soils. The layer of 
high shrink-swell soils was extracted from the U.S. Forest Service GIS database. 
It included three soil types, Clayey ridgetop/high shrink-swell at 10 inches or 
greater/0-5% slope, Clayey steep side slope/high shrink-swell clay > 10 inches 
below surface/15-30% slope, and High shrink-swell clay to the surface/steep side 
slope/12-30% slope. This criterion severely limits the construction of permanent 
facilities.
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Figure 24. Limitations of high shrink-swell soils on the planning units of Boykin Springs
and Sandy Creek.
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Flooded Soils
A total of 2,582 acres was identified as flooded soils. The layer of frequently 
and occasionally flooded soils was also extracted from the U.S. Forest Sen/ice 
GIS database. It was composed of the soil types of Coarse loamy 
floodplain/frequently flooded/0-2% slope, Clayey floodplain/occasionally 
flooded/0-2% slope, and Fine loamy floodplain/occasionally flooded/0-2% slope. 
Only dispersed activities such as hiking are allowed within the areas. Cost will 
be affected by the limitation due to flooding upon recreation construction.
as
s  j Grid value
• Private Land
Figure 25. Limitations of flooded soils on the planning units of Boykin Springs and Sandy
Creek.
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Boa Areas
A total of 275 acres was identified as bog areas. Bog areas were prone to 
recreation development due to its vulnerable wetland ecosystem. A 50-foot 
buffer zone was added to each original bog area extracted from the U.S. Forest 
Service GIS database. These areas are very sensitive to impact by human 
activities. However, they are also important attractions for the area. Many of the 
bogs contain rare, interesting and aesthetically pleasing plants such as
carnivorous plants and orchid species. Planned access to some bogs will be an 
important attraction for the area.
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Figure 26. Limitations of bogs on the planning units of Boykin Springs and Sandy Creek.
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Sensitive Plants
A total of 1,799 acres was identified as having sensitive plants. The 
sensitive plants area layer was extracted from the natural heritage GIS data of 
U.S. Forest Service. Within these areas, species are found significant because 
of their form, color, occurrence, habitat, location, life history, arrangement, 
ecology, rarity, or other features. They are very sensitive to microhabitat change. 
Caution should be used whenever a recreation development is nearby. Typical 
sensitive plant communities include: bloodroot (Sanguinaria canadensis), 
toothwort (Dentaria laciniata), Carolina lily (Lilium michauxii), slender gay feather
(Liatris tenuis), and Louisiana squarehead (Tetragonetheca ludoviciana).
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Figure 27. Limitations of sensitive plants on the planning units of Boykin Springs and 
Sandy Creek.
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RCW Clusters
A total of 1,533 acres was identified as having RCW clusters. The recovery 
of the red-cockaded woodpecker has been emphasized on the LRSA according 
to the National Forest Management Plan. RCW clusters are managed to 
maintain habit components favorable to the population. Disturbances from 
certain human activities to the RCW clusters must be minimized wherever 
possible. Each cluster was given a 50-foot buffer zone for limitation analysis. 
RCW’s represent an important attraction of LRSA. Since they are an 
endangered species, they are a popular observational target species for bird 
watchers. Planned opportunities for observing RCW’s and interpretive programs 
about them are essential to the future recreation potential of LRSA.
as
: i Private Land L
Figure 28. Limitations of RCW clusters on the planning units of Boykin Springs and 
Sandy Creek.
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Archeological Sites
A total of 8 acres was identified as containing archeological sites. Although 
the acreage within the two planning units was low, highest attention should be 
paid in order to preserve the rare resource. A 100-foot buffer zone was added to 
each original site. Since it is very hard to recover once an archeological site is 
deteriorated, it was ranked as the most critical limiting factor. Recreation 
development should be excluded by archeological site presence. The only 
facilities allowed should be low impact trails with informative signs that lead 
visitors to understand and treasure the cultural heritages.
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Figure 29. Limitations of archeological sites on the planning units of Boykin Springs and
Sandy Creek.
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The output composite was derived by adding together seven grid layers of 
limiting factors. A color ramp was applied based on the composite grid values so 
that the overall importance was shown (fig. 30). Since the value assigned to each 
original limitation layer doubled (1,2,4,8,16,32,64), each composite value 
presented only one, unique set of conditions. This allows the researcher to be 
able to trace back the combination of all limiting factors by identifying the grid 
values on the composite layer.
Site Design
Based on the composite layer from site analysis and survey information, a 
conceptual site design was proposed for both planning sites. In order to 
minimize the impact caused by recreation development, proposed facilities 
should take advantage of existing features such as currently drivable or 
abandoned roads to combine the features of interest. The composite of limiting 
factors was taken into account throughout the site design process. The goal was 
to provide visitors more diverse experiences through the landscape while 
minimizing the recreation impacts. The proposed developments and existing 
resources in the LRSA should have the potential to meet a wide spectrum of 
recreation needs from the Core Service Area.
Visitor Center
A combination of visitor center/interpretive center should be included in the 
concept of the area because of its high popularity (56.79%) with potential visitors
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from the Core Service Area. The facility should be located near the intersection 
of State Highway (SH) 63 and Forest Service Road (FS) 313, the main access 
route to the Boykin Springs Unit. This site was chosen to serve as a central 
information/registration facility for both Units. It is a central location and would 
serve as an entry portal for traffic from the west on SH 63. The site chosen was 
a small tract of U.S. Forest Service land in the southeast comer of the SH 63-FS 
313 intersection (fig. 31). Facilities included in the visitor center should include 
reception and registration area, exhibit and interpretive area, nature trail, office 
and meeting space.
Non-Huntina Areas
Hunting was one of the lowest ranking recreational pursuits for the Core 
Service Area (big game hunting 10.82%; small game hunting 8.07%) and many 
popular recreational activities are severely restricted during the regular hunting 
seasons on the Angelina National Forest. Therefore a non-hunting area (10,063 
acres) is proposed for the Boykin Springs Unit of LRSA. It would be the entire 
area bounded by the Neches River on the South, FS 313 and FS 327 on the east, 
FS 302 on the north and FS 303 on the west (fig. 31). Closure of this area 
should greatly increase wildlife viewing opportunities, and provide safe fall and 
winter hiking areas. Also the area (4,755 acres) on the east end of the Sandy 
Creek Unit, due to the concentration of equestrian trails, should also be closed to 
hunting for safety reasons. This non-hunting area should be bounded by FS 333 
on the west, FS 333A and FS 335C on the south, and FS 335 on the east (fig.
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32). West of the Boykin Springs Unit, the Upland Island Wilderness will still 
provide hunting opportunities throughout regular hunting seasons, where visitors 
were observed mostly coming for hunting (Watson et al. 1992).
Scenic Drives
Driving for pleasure (56.69%) was one of the most popular activities by 
Core Service Area residents. Sightseeing (57.60%) ranked approximately the 
same. Due to the size and diversity of LRSA, sight seeing from automobiles will 
be a popular activity. Looping scenic drives that often can be located on existing 
forest roads will provide visitors experiences typical of that found in many large 
resource based parks and recreation areas. The route will have to be carefully 
considered to protect existing RCW colonies and sensitive plant communities. 
Figures 31 and 32 show the suggested route for scenic drives on the Boykin 
Springs and Sandy Creek Units. The total mileage of scenic drives would be 57 
miles, 39 miles on Boykin Springs and 18 miles on Sandy Creek. Eighteen miles 
of it will be on existing private lands. Road side parking areaa and wayside 
exhibits should be provided especially at trail heads and scenic areas to 
encourage visitors to combine driving and hiking.
Nature Trails
Nature trails are an important interpretive tool and combine two of the most 
popular recreational activities of the region, walking for pleasure (79.54%) and 
visiting nature centers (56.79%). There are currently no interpretive trails on 
either unit. Proposed interpretive trails (fig. 33) would be added in several
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locations: at the visitor center, near Boykin Lake in the longleaf savanna area, 
and near the Old Aldridge Sawmill site. The theme of the nature trail at the 
visitor center would be the fire-maintained longleaf pine community that favors 
the grass type ground level vegetation. It provides park-like views and is 
considered optimum for species like the RCW. The theme of the nature trail near 
Boykin Lake would be the formation of springs, the creek genesis, and the 
adaptation of riparian plants. The theme of the natural trail near Old Aldridge 
would be the history of Sawmill Town and forest succession. The trails should be 
less than half mile in length and if over half mile, an alternate route that is less 
than half mile should be provided. Interpretation should be appropriate to the 
natural and/or cultural history of the site. All nature trails must be accessible by 
ADA standards.
Hiking Trails
Currently there are two hiking trails in LRSA. The Sawmill Hiking Trail 
extends from Bouton Lake on the west to the Old Aldridge historic mill site on the 
east, a distance of approximately 4.2 miles. The Boykin Springs Hiking Trail (1.5 
miles) connects Boykin Springs Recreation Area to Old Aldridge and the Sawmill 
Trail. Proposed additional hiking only trails include a new return route (1.5 miles) 
from Old Aldridge to Boykin Springs making it a loop trail and a hiking trail loop 
(1.8 miles) through the longleaf savannah north west of Boykin Springs 
connecting to the proposed Boykin Springs nature trail. The longleaf savannah 
hiking trail would pass through an area with moderate limitations due to area of
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sensitive plant communities. The design of this trail should be such as to avoid 
impacting sensitive areas. The total length of hiking trails would be 9 miles. 
Multipurpose Trails
Multipurpose trails would be open for hiking, mountain biking, and 
horseback riding. Existing abandoned ORV trails provide an opportunity to 
designate several miles of multipurpose trails. Figures 31 and 32 show the 
proposed location of 37 miles multipurpose trails, 15 miles on Boykin Springs and 
22 miles on Sandy Creek. They have been located to minimize erosion potential 
and to protect stream corridors and crossing. Recent research (Hamilton, 2001) 
indicated that multipurpose trail crossings at creek do not cause increased 
sedimentation or water quality degradation in the LRSA.
Water Access
Some of the most popular recreational activities in the Core Service Area 
are water based: visiting a beach, swimming, and fishing. All are available in 
LRSA. The existing beach area at Boykin Springs is in need of extensive 
refurbishing. A proposed new beach area on the Sandy Creek Unit will be west 
of the currently existing one and replace it. The theme of the refurbished Sandy 
Creek area should be beach access and camping. A well developed beach at 
Sandy Creek should greatly increase the use levels. It would be the only 
developed beach area in the U.S. Forest Service Recreation Areas on Sam 
Rayburn Reservoir.
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Boat access to Sam Rayburn Reservoir is currently available at Sandy 
Creek Recreation Area and several other sites around the Lake. Launching sites 
for canoe are proposed near Bouton Lake and the Old Aldridge Sawmill site.
The Neches River has been suggested for inclusion in the National Wild and 
Scenic River System. The availability of launch and take-out sites in the LRSA 
would enhance visitation and provide visitors with an additional activity to 
enhance their recreation experience. Sites selected near Bouton Lake for the 
boat access point had sensitive plants and flooded soils limitations for 
development. Recreational use should be restricted on the designated area. 
Camping
Existing camping facilities at Boykin Springs and Sandy Creek Recreation 
Areas should be remodeled to provide water and electricity to each site and to 
upgrade parking spurs in some areas to meet the service needs of modem 
recreation vehicles. However, at Boykin Springs some areas should remain 
primarily for tent camping. Even these sites need electricity and potable water 
outlets. Modem RV camping loops are proposed for Sandy Creek and Boykin 
Springs (fig. 34). If development recommendations for other activities are 
followed, the demand for overnight camping should increase proportionately.
The addition of screened shelters similar to those furnished by Texas State Parks 
would also greatly enhance overnight use of the two proposed units. Equestrian 
camping is currently provided by U.S. Army Corps of Engineers at Ebenezer 
Park on the east end of LRSA. Therefore, no additional equestrian only camping
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
81
areas are proposed. However, an equestrian day-use area near Sexton Lake on 
the Boykin Springs Unit was proposed.
Equestrian Dav-Use Area
The area north of Sexton Lake on the Boykin Springs Unit was selected to 
provide day-use equestrian facilities (fig. 33). The area has a past history of 
ORV and equestrian usage. ORV's were banned from the area in 1999. The 
minimum facilities for the day-use area would be parking area for vehicles and 
stock trailers, toilets, and potable water. Areas for washing horses and waste 
management would also be required. A trail connecting across State Highway 
63 to the Sandy Creek Unit and Ebenezer Park is also recommended (fig. 33 and 
34). A limited equestrian only trail system (6 miles) developed to the north and 
west of Sexton Lake would provide riding opportunities in addition to the 
multipurpose trail system (fig. 31 and 33).
Overall, two planning units will have different themes and target groups of 
visitors. Boykin Springs Unit provides natural and historical recreation 
opportunities suitable for family-oriented visitors. Activities on this unit will range 
from hiking on natural trails, visiting historical sites, swimming and fishing on 
small lakes, and canoeing on a scenic river. Sandy Creek Unit is more suitable 
for adolescents and young adults who pursue fast moving activities such as 
motorboating, mountain biking, and horseback riding. Lake fishing is another 
activity desired by anglers covering a wide spectrum of ages.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
irU.w
w
t
Canoe
Launc
Canoe Launch
Composite
Hiking Trail 
Equestrian Trail 
Multipurpose Trail
Nature Trail Water
Scenic Drive r / / / / / 3  Private Land
Non-Hunting Area 
Existing Road
32-63
4 - 7 64-127
Figure 31. Recreation development on the Boykin Springs Unit.
« i .
00K)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-’ •|v r V ««
; . " V  ' ' / . * >
Pi!
\
4
*
▲ Point of Inten 
-  Multipurpose
Figure 32. Recreation development on the Sandy Creek Unit.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
83
■ ■ Vv-y-r
. -v-
4 % * * 7 / / / / .
▲ Point of Interest 
 Multipurpose Trail
Scenic Drive Y / / / A  Private Land 
Existing Roads Non-Hunting Area
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Equestrian
f,
i
*
TZZZZZZZZZZZZZm
%
V%
V , Nature Trail 
Hiking Trail 
Equestrian Trail 
-  Multipurpose Trail 
Scenic Drive 
Private Land 
Water
Development Area
^ -------
s
Aldridge Sawmill
0
0 500 1,000 2,000 Feet
Figure 33. Proposed nature trails on the Boykin Springs Unit.
OO4*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Boykin Springs
%Shelter/Tent
Camping
Nature Trail 
Hiking Trail 
Equestrian Trail 
Multipurpose Trail 
Scenic Dwi 
S s *  PrivattftandBoykin Springs
water
Development Area
Figure 34. Proposed camping areas on Boykin Springs and Sandy Creek Units.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sandy Creek
ire Trail 
tg Trail 
sstrian Trail 
ipurpose Trail 
nic Drive 
ate Land
lopment Area
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CONCLUSIONS AND RECOMMENDATIONS
The Longleaf Ridge Special Area is one of the few areas in Texas providing 
abundant recreation opportunities in a diverse landscape, which is different from 
other lake-oriented recreation areas. From regional, local, to site-specific scale, 
GIS has proved its efficiency throughout the planning process. It combined 
socioeconomic and biophysical attributes into a spatial context, which allowed 
planners to examine demand and supply from different aspects. In this study, 
several conclusions and recommendations were reached as follow:
1. The majority of people visiting the Longleaf Ridge Special Area (LRSA) 
will be from Texas. Distance from home is a limiting factor in visitor consideration 
of the LRSA as a recreation destination. Sam Rayburn Reservoir acts as a 
barrier for people from north of it. Therefore, the area south of the Reservoir 
including Houston metropolitan area should be targeted.
2. Low temperature in winter is another limiting factor, which can be 
compensated for by providing electricity at campgrounds. Electrical hookups at 
each campsite might increase usage. Screened shelters on existing campsites 
would also help to overcome seasonal climate extremes and pests.
3. The Hispanic population will grow much faster than any other 
race/ethnicity groups. In order to meet this trend, family-oriented activities, which 
are preferred by Hispanics, should be emphasized to fulfill this segment’s 
demand.
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4. Young groups (16 to 24 years) are more interested in dispersed types of 
activities such as horseback riding, small game hunting, backpacking, canoeing, 
and primitive camping. They could become more popular if the young group 
carries their hobbies into adulthood. The LRSA has the resources to meet the 
demand.
5. Three existing recreation areas, Boykin Springs, Caney Creek, and 
Sandy Creek, have different recreation themes. Caney Creek Area is highly 
fishing-oriented, whereas Sandy Creek Area is water activities oriented. Boykin 
Springs Area provides abundant opportunities in a mature forest setting with a 
diverse landscape.
6. Based on the location, the access routes, the land ownership, and the 
landscapes itself, two planning units, Boykin Springs and Sandy Creek, were 
proposed. Recreation development should be focused on these two areas.
7. The opportunities of lake oriented activities at Sandy Creek Unit can 
meet the demand of the most popular activities such as visiting a beach, 
swimming in natural water, and warmwater fishing. The uniform pattern of pine 
stands along the ridge is suitable for mountain biking, horse back riding and off- 
road driving without causing excessive environmental impact.
Recommendations for Sandy Creek Unit are:
• A non-hunting area (4,755 acres).
• A scenic drive system (18 miles).
• A multipurpose trail system (22 miles).
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• A new RV camping area and a new beach area at Sandy Creek.
8. Use at Boykin Springs Unit will be more diverse than on any other 
existing recreation sites along the shorelines of Sam Rayburn Reservoir. More 
efforts should be put on this Unit because of its unique mature longleaf pine 
community and different types of recreation resources. This Unit will provide 
more recreation options than water-based recreation sites on the Lake. 
Recommendations for Boykin Springs Unit are:
• A visitor center at the intersection of SH 63 and FS 313.
• A non-hunting area (10,063 acres).
• A scenic drive system (39 miles).
• Three nature trails.
• A hiking trail system (9 miles).
• A multipurpose trails system (15 miles).
• A new RV camping area at Boykin Springs.
• An equestrian day-use area at Sexton Lake and an equestrian only trail 
(6 miles).
• Two canoe launches along Neches River.
9. Future work should include an estimate of the cost of the developments 
recommended in this study.
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Table A1. Number of visitor-days by home state to Boykin Springs, Caney Creek, and
Sandy Creek recreation areas from September 2001 to August 2002.
State Day-Use
Boykin
Camping Total Day-Use
Caney
Camping Total Day-Use
Sandy
Camping Total
Grand
Total
AK 2 3 5 1 1 6
AL 13 6 19 4 34 38 2 2 59
AR 5 5 20 5 25 2 2 32
AZ 14 14 2 2 2 2 18
CA 12 4 16 5 5 20 20 41
CO 24 8 32 13 6 19 19 19 70
CT 2 2 2
FL 9 17 26 2 2 28
GA 1 1 1
IA 2 2 2
ID 3 3 12 12 15
IL 16 16 44 4 48 1 4 5 69
IN 17 132 149 12 50 62 211
IW 1 1 1
KS 14 3 17 17
KY 5 5 5
LA 120 73 193 355 90 445 200 28 228 866
MD 2 2 2
Ml 8 2 10 9 9 3 1 4 23
MN 10 1 11 9 8 17 8 4 12 40
MO 3 5 8 23 46 69 13 13 90
MS 3 4 7 18 6 24 2 2 33
MT 2 2 2 2 4
NC 1 1 1 1 2
NE 2 3 5 5
NH 1 1 1
NJ 2 2 2
NM 2 26 28 2 2 2 2 32
OH 1 1 10 10 11
OK 2 14 16 62 17 79 2 2 97
OR 8 12 20 2 2 22
PA 4 4 6 6 10
SC 4 4 4
TN 7 7 16 10 26 2 10 12 45
TX 6761 5674 12435 7230 6838 14068 6369 3602 9971 36474
WA 9 12 21 4 14 18 1 2 3 42
Wl 18 18 6 4 10 3 3 31
WV 1 1 2 2 3
NY 3 3 3
NV 5 5 5
VA 2 2 2
Unknown 634 113 747 382 306 688 507 102 609 2044
Grand
Total 7659
6014 13673 8258 7544 15802 7153 3842 10995 40470
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Table A2. Number of visitor-days by home county to Boykin Springs, Caney Creek, and
Sandy Creek recreation areas from September 2001 to August 2002.
County Boykin Caney Sandy Total Total/Population (%)
Anderson 14 26 8 48 0.0871
Angelina* 3859 2608 541 7008 8.7458
Austin 5 4 4 13 0.0551
Brazoria* 126 150 85 361 0.1493
Brazos 77 23 5 105 0.0689
Burleson 0 0 6 6 0.0364
Camp 6 4 4 14 0.1212
Cass 7 2 24 33 0.1084
Chambers* 38 61 10 109 0.4187
Cherokee* 106 26 8 140 0.3000
Fort Bend* 31 72 10 113 0.0319
Freestone 3 2 4 9 0.0504
Galveston* 124 205 90 419 0.1675
Gregg* 28 43 0 71 0.0637
Grimes 0 8 0 8 0.0340
Hardin* 556 1227 1057 2840 5.9077
Harris* 964 1579 530 3073 0.0904
Harrison* 13 46 30 89 0.1433
Henderson 10 7 2 19 0.0259
Houston* 51 73 3 127 0.5478
Jasper* 1086 680 2836 4602 12.9255
Jefferson* 1179 1180 636 2995 1.1883
Leon 0 5 2 7 0.0456
Liberty* 128 366 64 558 0.7954
Limestone 0 0 0 0 0.0000
Madison 0 0 2 2 0.0155
Marion 3 0 0 3 0.0274
Montgomery* 113 452 88 653 0.2223
Morris 0 0 0 0 0.0000
Nacogdoches* 413 141 59 613 1.0354
Navarro 0 6 5 11 0.0244
Newton* 122 73 232 427 2.8331
Orange* 828 943 816 2587 3.0447
Panola* 76 3 2 81 0.3560
Polk* 86 418 79 583 1.4174
Rains 4 0 0 4 0.0438
Robertson 0 2 0 2 0.0125
Rusk* 17 7 2 26 0.0549
Sabine* 95 24 23 142 1.3564
San Augustine* 75 9 10 94 1.0507
San Jacinto* 6 67 10 83 0.3731
Shelby* 70 8 9 87 0.3449
Smith* 33 43 9 85 0.0487
Titus 0 0 6 6 0.0213
Trinity* 20 16 2 38 0.2758
Tyler* 361 1264 1781 3406 16.3193
Upshur 3 13 0 16 0.0453
Van Zandt 28 2 0 30 0.0623
Walker* 14 62 39 115 0.1862
Waller 0 14 5 19 0.0582
Washington* 0 28 0 28 0.0922
Wood* 2 26 2 30 0.0816
Market total 
Core total
10780
10618
12018
11846
9140
9061
31938
31525
* County in Core Service Area
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Table A3. Number of NSRE 2000 interviews in the market area by county.
County Number of 
’  interviews
Population Sampling 
2000 rate
Land area 
(sq mile)
Population
density
Anderson 11 55,109 2.00% 1073 51
Angelina* 18 80,130 2.25% 854 94
Austin 5 23,590 2.12% 657 36
Brazoria* 39 241,767 1.61% 1440 168
Brazos 21 152,415 1.38% 597 255
Burleson 2 16,470 1.21% 687 24
Camp 4 11,549 3.46% 195 59
Cass 2 30,438 0.66% 969 31
Chambers* 1 26,031 0.38% 623 42
Cherokee* 7 46,659 1.50% 1054 44
Fort Bend* 30 354,452 0.85% 893 397
Freestone 4 17,867 2.24% 896 20
Galveston* 20 250,158 0.80% 409 612
Gregg* 13 111,379 1.17% 283 393
Grimes 1 23,552 0.42% 809 29
Hardin* 10 48,073 2.08% 907 53
Ham's* 272 3,400,578 0.80% 1741 1953
Harrison* 11 62,110 1.77% 928 67
Henderson 6 73,277 0.82% 938 78
Houston* 3 23,185 1.29% 1238 19
Jasper* 6 35,604 1.69% 965 37
Jefferson* 25 252,051 0.99% 970 260
Leon 4 15,335 2.61% 1080 14
Liberty* 9 70,154 1.28% 1163 60
Limestone 2 22,051 0.91% 937 24
Madison 3 12,940 2.32% 470 28
Marion 5 10,941 4.57% 434 25
Montgomery* 36 293,768 1.23% 1106 266
Mom's 3 13,048 2.30% 258 51
Nacogdoches' 16 59,203 2.70% 1001 59
Navarro 3 45,124 0.66% 1095 41
Newton* 8 15,072 5.31% 949 16
Orange* 15 84,966 1.77% 365 233
Panola* 3 22,756 1.32% 827 28
Polk* 11 41,133 2.67% 1108 37
Rains 2 9,139 2.19% 262 35
Robertson 4 16,000 2.50% 868 18
Rusk* 8 47,372 1.69% 934 51
Sabine* 4 10,469 3.82% 597 18
San Augustine* 1 8,946 1.12% 593 15
San Jacinto* 7 22,246 3.15% 622 36
Shelby* 2 25,224 0.79% 829 30
Smith* 22 174,706 1.26% 930 188
Titus 4 28,118 1.42% 414 68
Trinity* 1 13,779 0.73% 723 19
Tyler* 5 20,871 2.40% 950 22
Upshur 8 35,291 2.27% 601 59
Van Zandt 3 48,140 0.62% 868 55
Walker* 8 61.758 1.30% 784 79
Waller 1 32,663 0.31% 515 63
Washington* 4 30,373 1.32% 641 47
Wood* 4 36,752 1.09% 702 52
Market total 
Core total
717
611
6,664,782
5,904,600
* County in Core Sen/ice Area
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Table A4. Total population in the market area by county in 10-year interval.
County 1980 1990 2000 2010 2020 2030
Anderson 38,381 48,024 55,109 57,942 60,280 61,189
Angelina* 64,172 69,884 80,130 86,276 92,719 98,924
Austin 17,726 19,832 23,590 25,582 27,777 29,391
Brazoria* 169,587 191,707 241,767 285,850 331,731 375,664
Brazos 93,588 121,862 152,415 169,599 188,052 205,008
Burleson 12,313 13,625 16,470 18,477 20,663 22,249
Camp 9,275 9,904 11,549 12,586 13,735 14,798
Cass 29,430 29,982 30,438 30,169 29,611 28,291
Chambers* 18,538 20,088 26,031 31,375 37,328 42,867
Cherokee* 38,127 41,049 46,659 50,093 54,024 57,393
Fort Bend* 130,846 225,421 354,452 449,811 557,407 670,032
Freestone 14,830 15,818 17,867 18,681 19,522 19,960
Galveston* 195,940 217,399 250,158 268,714 284,731 294,218
Gregg* 99,487 104,948 111,379 118,770 126,421 134,330
Grimes 13,580 18,828 23,552 26,635 30,073 32,785
Hardin* 40,721 41,320 48,073 52,467 56,033 57,706
Ham's* 2,409,546 2,818,199 3,400,578 3,951,682 4,541,661 5.174.691
Harrison* 52,265 57,483 62,110 67,547 72,930 76,824
Henderson 42,606 58,543 73,277 84,170 95,987 107,639
Houston* 22,299 21,375 23,185 23,280 23,491 23,194
Jasper* 30,781 31,102 35,604 38,445 40,897 42,344
Jefferson* 250,938 239,397 252,051 260,779 272,528 285,062
Leon 9,594 12,665 15,335 16,633 17,920 18,663
Liberty* 47,088 52,726 70,154 81,930 94,898 107,335
Limestone 20,224 20,946 22,051 23,322 24,944 25,828
Madison 10,649 10,931 12,940 13,905 14,873 15,644
Marion 10,360 9,984 10,941 11,295 11,420 11,259
Montgomery* 128,487 182,201 293,768 379,363 478,187 585,111
Mom's 14,629 13,200 13,048 13,039 13,012 12,671
Nacogdoches* 46,786 54,753 59,203 62,974 67,056 70,612
Navarro 35,323 39,926 45,124 49,364 54,336 59,730
Newton* 13,254 13,569 15,072 16,008 16,731 16,825
Orange* 83,838 80,509 84,966 89,424 92,509 92,908
Panola* 20,724 22,035 22,756 22,692 22,491 21,848
Polk* 24,407 30,687 41,133 45,583 50,028 53,530
Rains 4,839 6,715 9,139 10,414 11,629 12,444
Robertson 14,653 15,511 16,000 17,164 18,704 19,674
Rusk* 41,382 43,735 47,372 48,748 50,128 50,668
Sabine* 8,702 9,586 10,469 10,448 10,371 9,975
San Augustine* 8,785 7,999 8,946 9,061 9,118 8,904
San Jacinto* 11,434 16,372 22,246 25,466 28,441 30,643
Shelby* 23,084 22,034 25,224 26,531 28,248 29,597
Smith* 128,366 151,309 174,706 188,462 203,729 219,645
Titus 21,442 24,009 28,118 31,158 34,430 37,593
Trinity* 9,450 11,445 13,779 14,145 14,339 14,096
Tyler* 16,223 16,646 20,871 22,720 24,543 25,856
Upshur 28,595 31,370 35,291 38,372 41,496 43,619
Van Zandt 31,426 37,944 48,140 53,629 59,432 64,273
Walker* 41,789 50,917 61,758 67,664 72,512 75,038
Waller 19,798 23,390 32,663 41,137 51,175 62,352
Washington* 21,998 26,154 30,373 32,559 35,253 36,973
Wood* 24,697 29,380 36,752 40,174 42,977 44,373
Market total 4,717,002 5,484,438 6,664,782 7.632.314 8.672.531 9.732,246
Core total 4,177.046 4,845,895 5,904,600 6,796,308 7,755,230 8,745.840
* County in Core Sen/ice Area
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Table A5. County population in the market area by race/ethnicity group in 2000.
County Total Anglo Black Hispanic Other
Anderson 55,109 34,970 13,006 6,705 428
Angelina* 80,130 55,984 11,845 11,496 805
Austin 23,590 17,076 2,551 3,805 158
Brazoria* 241,767 159,797 20,747 55,063 6,160
Brazos 152,415 101,786 16,468 27,253 6,908
Burleson 16,470 11,476 2,481 2,411 102
Camp 11,549 7,559 2,222 1,707 61
Cass 30,438 23,709 5,999 526 204
Chambers* 26,031 20,339 2,573 2,810 309
Cherokee* 46,659 32,568 7,545 6,178 368
Fort Bend* 354,452 166,758 70,810 74,871 42,013
Freestone 17,867 12,892 3,392 1,465 118
Galveston* 250,158 159,589 38,868 44,939 6,762
Gregg* 111,379 77,503 22,358 10,183 1,335
Grimes 23,552 14,904 4,716 3,787 145
Hardin* 48,073 43,230 3,342 1,223 278
Ham's* 3,400,578 1,456,811 630,184 1,119,751 193,832
Harrison* 62,110 43,356 14,990 3,316 448
Henderson 73,277 62,642 4,927 5,071 637
Houston* 23,185 14,841 6,486 1,739 119
Jasper* 35,604 27,554 6,386 1,384 280
Jefferson* 252.051 131,753 85,267 26,536 8,495
Leon 15,335 12,428 1,596 1,213 98
Liberty* 70,154 52,734 9,115 7,660 645
Limestone 22,051 14,819 4,263 2,859 110
Madison 12,940 7.857 2,945 2,042 96
Marion 10,941 7,919 2,644 263 115
Montgomery* 293,768 241,180 10,481 37,150 4,957
Mom's 13,048 9,298 3,166 477 107
Nacogdoches* 59,203 41,934 9,947 6,660 662
Navarro 45,124 29,837 7,651 7,113 523
Newton* 15,072 11,240 3,124 571 137
Orange* 84,966 73,526 7,226 3,073 1,141
Panola* 22,756 17,744 4,061 798 153
Polk* 41,133 31,001 5,422 3,861 849
Rains 9,139 8,249 272 505 113
Robertson 16,000 9,687 3,858 2,359 96
Rusk* 47,372 33,924 9,148 3,998 302
Sabine* 10,469 9,178 1,058 189 44
San Augustine* 8,946 6,095 2.499 320 32
San Jacinto* 22,246 18,151 2,830 1,084 181
Shelby* 25,224 17,644 4,927 2,489 164
Smith* 174,706 119,507 33,607 19,521 2,071
Titus 28,118 16,879 3,014 7,960 265
Trinity* 13,779 11,363 1,659 668 89
Tyler* 20,871 17,426 2,538 742 165
Upshur 35,291 29,933 3,638 1,394 326
Van Zandt 48.140 43,120 1,466 3,201 353
Walker* 61,758 37,397 14,844 8,712 805
Waller 32,663 16,447 9,603 6,344 269
Washington* 30,373 21,608 5,670 2,647 448
Wood* 36,752 32,059 2,306 2,102 285
Market total 6,664,782 3,677,281 1,151,741 1,550,194 285,566
Core total 5,904,600 3,130,127 1,043,887 1,456,985 273,601
* County in Core Service Area
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Table A6. Projected county population in the market area by race/ethnicity group in
2010.
County Total Anglo Black Hispanic Other
Anderson 57,942 35,838 13,277 8,357 470
Angelina* 86,276 55,883 12,425 17,070 898
Austin 25,582 17,447 2,726 5,233 176
Brazoria* 285,850 175,044 24,622 76,854 9,330
Brazos 169,599 106,049 18,363 36,473 8,714
Burleson 18,477 12,437 2,736 3,192 112
Camp 12,586 7,926 2,263 2,335 62
Cass 30,169 23,199 6,100 642 228
Chambers* 31,375 23,803 2,896 4,324 352
Cherokee* 50,093 32,907 7,842 8,919 425
Fort Bend* 449,811 190,195 95,160 103,830 60,626
Freestone 18,681 13,268 3,376 1,911 126
Galveston* 268,714 160,539 40,798 58,001 9,376
Gregg* 118,770 76,374 24,481 16,227 1,688
Grimes 26,635 16,602 5,025 4,853 155
Hardin* 52,467 46,728 3,834 1,597 308
Ham's* 3,951,682 1,387,027 692,078 1,605,801 266,776
Harrison* 67,547 45,876 15,679 5,478 514
Henderson 84,170 69,731 5,444 8,260 735
Houston* 23,280 14,385 6.644 2,124 127
Jasper* 38,445 29,540 6,806 1,788 311
Jefferson* 260,779 119,986 91,830 37,165 11,798
Leon 16,633 13,348 1,567 1,612 106
Liberty* 81,930 59,184 10,217 11,786 743
Limestone 23,322 14,825 4,404 3,976 117
Madison 13,905 8,397 3,015 2,398 95
Marion 11,295 8,277 2,593 301 124
Montgomery’ 379,363 300,068 12,638 59,456 7,201
Mom's 13,039 9,156 3,178 592 113
Nacogdoches* 62,974 41,954 10,614 9,642 764
Navarro 49,364 29,863 7,995 10,878 628
Newton* 16,008 11,939 3,270 643 156
Orange* 89,424 75,659 7,991 4,307 1,467
Panola* 22,692 17,485 4,078 960 169
Polk* 45,583 34,051 5,510 5,035 987
Rains 10,414 9,397 286 606 125
Robertson 17,164 10,046 4,012 3,005 101
Rusk* 48,748 33,535 9,181 5,698 334
Sabine* 10,448 9,056 1,110 238 44
San Augustine* 9,061 5,946 2,696 387 32
San Jacinto* 25,466 20,834 3,071 1,363 198
Shelby* 26,531 17,627 5,128 3,601 175
Smith* 188,462 119,049 35,880 30,625 2,908
Titus 31,158 16,555 3,137 11,158 308
Trinity* 14,145 11,430 1,772 854 89
Tyler* 22,720 18,997 2,726 823 174
Upshur 38,372 32,061 3,751 2,187 373
Van Zandt 53,629 47,079 1,607 4,547 396
Walker* 67,664 40,142 15,989 10,627 906
Waller 41,137 19,689 11,191 9,956 301
Washington* 32,559 22,307 5,946 3,781 525
Wood* 40,174 34.366 2,581 2,899 328
Market total 7,632,314 3,753,106 1,271,539 2.214,375 393,294
Core total 6,796,308 3,175,243 1,156,966 2,085,223 378,876
* County in Core Service Area
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Table A7. Projected county population in the market area by race/ethnicity group in
2020.
County Total Anglo Black Hispanic Other
Anderson 60,280 36,175 13,375 10,224 506
Angelina* 92,719 54,783 12.754 24,171 1,011
Austin 27,777 17,818 2,842 6,918 199
Brazoria* 331,731 185,445 28,593 104,489 13,204
Brazos 188,052 110,404 20,181 46,735 10,732
Burleson 20,663 13,450 2,981 4,106 126
Camp 13,735 8,171 2,246 3,257 61
Cass 29,611 22,382 6,210 761 258
Chambers* 37,328 27,276 3,153 6,501 398
Cherokee* 54,024 33,022 8,196 12,341 465
Fort Bend* 557,407 211,591 119,799 139,815 86,202
Freestone 19,522 13,566 3,380 2,441 135
Galveston’ 284,731 157,823 41,764 72,949 12,195
Gregg* 126,421 73,319 26,282 24,761 2,059
Grimes 30,073 18,443 5,322 6,160 148
Hardin* 56,033 49,297 4,328 2,074 334
Ham's* 4,541,661 1,276,557 736,530 2,184,944 343,630
Harrison* 72,930 47,571 16,068 8,730 561
Henderson 95,987 75,986 5,966 13,214 821
Houston* 23,491 13,940 6,776 2,643 132
Jasper* 40,897 31,157 7,211 2,192 337
Jefferson* 272,528 107,856 97,128 51,875 15,669
Leon 17,920 14,166 1,576 2,076 102
Liberty* 94,898 64,903 11,393 17,762 840
Limestone 24,944 14,833 4,600 5,384 127
Madison 14,873 8,948 3,037 2,794 94
Marion 11,420 8,372 2,564 354 130
Montgomery* 478,187 361,591 15,223 91,301 10,072
Mom's 13,012 8,954 3,212 729 117
Nacogdoches* 67,056 41,552 11,154 13,475 875
Navarro 54,336 29,671 8,161 15,803 701
Newton* 16,731 12,409 3,422 733 167
Orange* 92,509 75,835 8,863 5,930 1,881
Panola* 22,491 17,047 4,113 1,144 187
Polk* 50,028 36,746 5,627 6,547 1,108
Rains 11,629 10,475 302 718 134
Robertson 18,704 10,491 4,277 3,830 106
Rusk* 50,128 32,915 9,048 7,801 364
Sabine* 10,371 8,855 1,188 287 41
San Augustine* 9,118 5,843 2,797 447 31
San Jacinto* 28,441 23,268 3,281 1,670 222
Shelby* 28,248 17,570 5,317 5,182 179
Smith* 203,729 116,238 37,424 46,074 3,993
Titus 34,430 16,092 3,222 14,785 331
Trinity* 14,339 11,377 1,840 1,027 95
Tyler* 24,543 20,647 2,820 902 174
Upshur 41,496 33,692 3,883 3,510 411
Van Zandt 59,432 51,059 1,677 6,263 433
Walker* 72,512 42,140 16,795 12,599 978
Waller 51,175 23,031 12,761 15,047 336
Washington* 35,253 23,309 6,211 5,127 606
Wood* 42,977 36,073 2,599 3,940 365
Market total 8,672,531 3,764,134 1,369,472 3,024,542 514,383
Core total 7,755,230 3,158,573 1,248,887 2,850,366 497,404
* County in Core Service Area
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Table A8. Projected county population in the market area by race/ethnicity group in
2030.
County Total Anqlo Black Hispanic Other
Anderson 61,189 35,284 13,209 12,159 537
Angelina* 98,924 52,139 12,637 33,037 1,111
Austin 29,391 17,515 2.847 8,807 222
Brazoria* 375,664 189,050 31,949 136,400 18,265
Brazos 205,008 112,273 21.445 58,021 13,269
Burleson 22,249 13,937 3,117 5,062 133
Camp 14,798 8,247 2,167 4,325 59
Cass 28,291 20,903 6,254 862 272
Chambers* 42,867 29,965 3,353 9,122 427
Cherokee* 57,393 32,182 8,380 16,330 501
Fort Bend* 670,032 228.948 143,270 181,274 116,540
Freestone 19,960 13,437 3,304 3,083 136
Galveston* 294,218 148,717 41,564 88,670 15,267
Gregg* 134,330 67,998 27,265 36,615 2,452
Grimes 32,785 19,613 5.538 7,498 136
Hardin* 57,706 50,005 4,664 2,698 339
Ham's* 5,174,691 1,129,408 753,301 2.868,900 423,082
Harrison* 76,824 46,998 15,944 13,289 593
Henderson 107,639 80,121 6,525 20,131 862
Houston* 23,194 13,095 6,684 3,287 128
Jasper* 42,344 31,896 7,409 2,684 355
Jefferson* 285,062 94,434 99,459 71,150 20,019
Leon 18,663 14,412 1,495 2,654 102
Liberty* 107,335 68,343 12,424 25,651 917
Limestone 25,828 14,272 4,593 6,846 117
Madison 15,644 9,348 2,978 3,224 94
Marion 11,259 8,228 2,515 390 126
Montgomery* 585,111 419,224 17,710 134,792 13,385
Mom's 12,671 8,562 3,146 845 118
Nacogdoches* 70,612 39,959 11,411 18,272 970
Navarro 59,730 28,664 8,156 22,142 768
Newton* 16,825 12,430 3,436 794 165
Orange* 92,908 73,100 9,628 7,848 2,332
Panola* 21,848 16,288 4,038 1,323 199
Polk* 53,530 38,561 5,604 8,154 1,211
Rains 12,444 11,184 303 816 141
Robertson 19,674 10,572 4,382 4,605 115
Rusk* 50,668 31,255 8,755 10,280 378
Sabine* 9,975 8,442 1,182 317 34
San Augustine* 8,904 5,557 2,818 497 32
San Jacinto* 30,643 25,102 3,400 1,907 234
Shelby* 29,597 17,005 5,363 7,055 174
Smith* 219,645 109,588 37,788 66,898 5,371
Titus 37,593 15,153 3,188 18,898 354
Trinity* 14,096 11,015 1,804 1,185 92
Tyler* 25,856 21,924 2,806 960 166
Upshur 43,619 33,997 3,886 5,294 442
Van Zandt 64,273 53,923 1,625 8,266 459
Walker* 75,038 42,428 17,232 14,365 1,013
Waller 62,352 26,092 14,054 21,838 368
Washington* 36,973 23,451 6,328 6,524 670
Wood* 44,373 36,296 2,647 5,053 377
Market total 9,732,246 3,670,540 1,424,980 3,991.097 645,629
Core total 8,745,840 3.055,056 1,301,278 3.763,754 625,752
* County in Core Service Area
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